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This invention relates to DNA Sequencing 
nn» HT n H^ UenCin9 inV °' VeS the 9enerati0n 0f four P<>P"'ations of single stranded DNA fragments having 
nucleotide base (either guan.ne (G). adenine (A), thymine (T). or cytosine (C)). The four different sets of 

band on the gel corresponds colinearly to a specific nucleotide in the DNA sequence, thus identilinq the 
positions in the sequence of the given nucleotide base. wemnymg the 

Generally there are two methods of DNA sequencing. One method (Maxam and Gilbert sequencing 

«, m m,Cal h de9radati ° n ° f iS0,at8d ° NA fra9mentS - each laba,ed ^ a 

TrTc ZIT TFJir" 3 ,imit9d d9aVa9e SP9CifiCa " y 31 006 or more °f the f °" (ft 
A, T or C). The other method (dideoxy sequencing) involves the enzymatic synthesis of a DNA strand Fou 

separate syntheses are run. each reaction being caused to terminate at a specific base (G A Tor Q Z 
Z?£ST f aPPr0Pfia,e Chai " ,erminati " 9 dide «leotide. The latter method s p^erre^ s nee 
>. con ta „ 9men S * 0 Unif ° rmly labe " ed (inStead of end ,abe,led > ^d thus the larger SnaZ!Z 
TTh 9 " mor f . radioactivity. Further, ^-labelled nucleotides can be used in place 0^ 

l a ?h !L , •; eSU '! ,n9 SharP6r defini,i ° n; ■* the reac,ion P roducts simple to interpret since 

££5£ Thm. °, V t0 Sither G ' A ' T ° r C " The 9nzyme used ,or ™st dideoxy sequencing is "he 
ghench. col, DNA-po.ymerase I large fragment ("Klenow"). Another polymerase used is AMV Reverse 
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m JlT P ' nVent,0n featUreS 3 m6,h0d for determining the nucleotide base sequence of a DNA 
m£ C °TT n9 annea ' in9 ,he ° NA m ° leCU,e With a P fimer molecu| e able to hyb^dize to The DNA 
' S : , mCU , a ! n9 . Separate P ° rti0nS ° f ,he annealed mixture in at least four vessel with four afferent 
deoxynucleos.de tnphosphates. a processive DNA polymerase wherein the polymerase remains bound I o a 
DNA molecule for at least 500 bases before dissociating in an environmental condition normal use r m The 

activity per mg of polymerase, and one of four DNA synthesis terminating agents which terminate DNA 
TIT 3 Sp ° cif * nucleotide ^se. The agent terminates at a different specific n«*S£S?5 

1 a t S, V8SS f ^ ° NA Pr0dUCtS ° f the incUbati "9 reaction are Wted according to Z size so 
that at least a part of the nucleotide base sequence of the DNA molecule can be determined 

h , ° 6ntS the P° | y mera se remains bound to the DNA molecule for at least 1000 bases 

before dissociating; the polymerase is substantia.* the same as one in cells infected with a TtC ph^e 

hags' sT"t3 I', if TLTT^ h °" •*"**"' 38 3 Subun * fof — i£2 t££ 

S c • ?' * ' *l- ' W31, 9h " 1, Yl A1122 ' or SP6 ' Studier - 95 Virology 70, 1979); the polymerase is 

Znuciear^" 9 , I"** 0 ™* anal09S; th ° P ° ,ymerase is modified to have i^ftSSEES 

exonuc ease activity per mg of polymerase, more preferably less than 1 unit, even more preferablyTess 
than 0.1 unit, and most preferably has no detectable exonuclease activity; the polymerase* abie to utiS 

nuZtide base's an?" 10 -T * " *" t " 4 b ~= ^ P^er^omples four tot" 

T* 6 Strand6d ° NA ° f RNA: the annealinQ ste P comprises heating the DNA 

molecule and the primer to above 65' C, preferably from 65'C to 100' C. and allowing the heated mixture 

iZZLZ? P w 6 S,6P COmPfiSeS mixin9 the annealed mixture with a» four different deoxynucleo^de 

T P0 ' ymeraSe ' Wh6rein 3t ' eaSt °" e °' *• Nucleoside £S 
is labelled, most preferably the pulse step performed under conditions in which the polymerase does not 
exhbit rts processivity and is for 30 seconds to 20 minutes at 0'C to 20'C or wherVaZaTon Tof Z 
nucleotide triphosphates is limiting; and the chase step comprises adding oneT^e chatn terminlt^o 

S*TLTtTsfTl 0, ? e mixture after me pulse s ' ep: pre,erab,y ^ cL-st Vr fo 

minutes at 30 C to 50 -C; the terminating agent is a dideoxynucleotide, or a limiting level of one 
Sr^SSSr, 0 " 8 , ° Mhe f ° Ur de0XynUCte0tides is dlTP or deazaguanosfn: ,a e d 
polymerase TunSe to 25 T, * " reqU ' red ' Preferably ,abe ' ' S fadi0aCtive 0r fluorescer * and the 

In other aspects the invention features a) a method for producing blunt ended double-stranded DNA 
macules from a linear DNA molecule having no 3' protruding termini, using a proSssive SSmeSse 

Z °n T 3CtiVity: b> 3 ^ ° f of a DN A sequence comprising annexing aS 

and second primer to opposite strands of a double stranded DNA sequence and incubating the 
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gemw only „h.n ftTcShmTl,^ ~ .. compns.ng inducing extression ol lt» 

RNA „ol» m .,Z ,1 JlfZT T fragments are «„ *» cotm „, „ prom( , ler M „ 

a m ^tk m t • ^'auoA ucMt a;>u column, and the ion-exchange co umn is a DE52 DEAF mh.mn. h\ 

*4 dna ^z^zj^eej* 8 po """ e,a! ° ,i " , " s n °-' - 



^5 Description of the Preferred Embodiments 

The drawings will first briefly be described. 
Drawings 
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F^4 i^nJlwT^ representa,ions of th ° vectors pTrx-2, mGPM, and pGP5-5 respectively 
2" 5 Ts a 9 ^h?ir PreSentati0n °' ^ S9,eCtive OXidation of 77 DNA Polymerase; ^ ^ 
^rZ7^^T b ° n * ^ "** °' 17 P0,y — * ^nthesize DNA in the 

™*XZ a ™* C rePreSentati0n of * e enz V™«* amp.ification of genomic DNA using modified 

R« In 8 ""J ^ nucleotide sequences of pTrx-2. a part of pGP5-5 and mGP1-2 respectivelv 
Fig. 10 is a diagrammatic representation of pGP5-6. respectively. 
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DNA Polymerase 



rtn -£7* ° t m P 01 ^ 6 ' 356 of »» inv «"«°" is processive. has no associated exonuclease activity 
Processivity 

in™«* 9 ^ ? aCt '° nS - The de9ree of Passivity varies with different polymerases- some 
incorporate only a few bases before dissociating (e.g. Klenow (about 15 base^ Ti hna ^li / u 

^ Crf T ! ^^r^" 388 (3b0Ut 180 baSeS » a " d 

30 

Analog discrimatio n 
so Exonuclease Activity 
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concen, 7n TV * °' ° NA raiSe *• «»*" 

concen rajon of nucleot.de precursors which must be added to the reaction since, when the nucleotide 

'n,!? ^T 6 ' 358 3Ctivity Sl0WS ,0 a rate comparable with the exonuclease activity, 
resulting ,n no net DNA synthesis, or even degradation of the synthesized DNA 

* hJS! 'T rtant '^ 3SSOciated release activity will cause a DNA polymerase to idle at regions in the 
2E? T ^ StrUCtUr8 impediments - a Phrase approaches such a structure its rate of 

DnTwhI 85 " ""P" 10 P3SS - aSS0Ciat6d e "™c.ease will excise the new.y synthesized 

^mJ^SEZ? 8 C0nS8qUence numerous <**• * thesis and excisLwil. occur 

10 IT L ,L l n J P°'y m ^se eventually synthesizing past the hairpin (with no detriment to the quality 

LZ^TZn* 2 )! ° r ^ P ° ,ymeraSe ^ diSSOdate fr0m * 8 s V nthesized st ™ d (^u.ting in an 
r^rl^ d a * th t? me P0S " ,0n in a " f0Uf se( l uenci "9 tactions); or. a chain terminating agent may be 
incorporated a a high frequency and produce a wide variability in the intensity of different fra^ents in a 

!Z T^ 9 9 ^ b6CaUSe ^ freqU6nCy ° f inc0rporation °' a chai " bating agent at any 

g.ven site mcreases w.th the number of opportunities the polymerase has to incorporate the cZ 

1ZT 9 nUCle0tide ' S ° tHe ° NA 0°*™™ wi)l incorporate a chain-terminating aget at a muc 
higher frequency at sites of idling than at other sites. 

An ideal sequencing reaction will produce bands of uniform intensity throughout the gel This is 

T "ST 8 ^ ° Ptimal eXP ° SUre ° f the X - ray fi,m ,or ««y radioa *ive fragment If the e is 
vanable mtens.ty of radioactive bands, then fainter bands have a chance of going undetected To obtain 

atS ST*" ITS ° f a " ,ra9men,S ' ,he ° NA P0,ymerase should spend ^ same ilrvIunSe 
at each position on the DNA. showing no preference for either the additon or removal of nucleotides at a^v 
given «. This occurs if the DNA polymerase lacks any associated exonuclease. so JTX^Sl 
one opportunity to incorporate a chain terminating nucleotide at each position along the template 

25 Short primers 

The DNA polymerase of the invention is able to utilize primers of 10 bases or less as well as lonaer 
ones most preferably of 4-20 bases. The ability to utilize short primers offers a number o Tm^an 

30 usuTS 1! S9qU , The Sh0rt6r PnmerS ^ t0 bUy - d easier to synthel Z the 

,h B 11 P $ - ™ ey alS ° an " eal faster t0 complementary sites on a DNA template, thus making 

o^TomZT: St8r - FUrther> ^ abi ' ity t0 Sma " Six 0r seven ba ^> oligonucleo 
pnmers for DNA sequencing permrts strategies not otherwise possible for sequencing long DNA fraqments 

to anv^ P 6 - 'tH T tainin9 80 rand ° m h6XamerS ^ be 9 enerated - ° f are compleZtaJ 
3S l™,n T f V 9 VeCt0r Sta,is,ical| y- one ° f the 80 hexamer sequences wil. occur an avenge Z 
r m Tf ^ ° NA ' ra9ment ,0 be sequenced - ^ determination of a sequence of 3000 bases 

would require only five sequencing cycles. First, a "universal" primer (e.g., New England Btolabs #lST 
ilTu G ^<fACGGCCAGT 3') would be used to sequence about 600 bases at Ment oUUe 
Zn.J 9 > feSUltS ,r ° m thiS SequenCin9 reaction - a new pri ™ w ould °° picked from the k ft 
» nTLZ k t0 3 T tHe 6nd ° f *• determined ^ uence - * e **ond cycle, the sequence of the 
h f ?** W ° Uld be determined usi "9 this primer. Repetition of this process five times would 
2ST S6qUenCe ° f 3000 baSeS ' without necessitating any subcloning. and^cSe 

chemical syntheses of any new oligonucleotide primers. The use of such short primers may be enhanced by 
mcluding gene 2.5 and 4 protein of T7 in the sequencing reaction. ennancea by 

DNA polymerases of this invention, (i.e., having the above properties) include modified T7-tvoe 
STTT.y S ° NA P0 ' ymeraSe feqUireS h0St sub-unit, and they Te s^sTan 

u STl ^ P A °' ymeraSe ° f t0 eqU,Valent e " 2ymeS iS0,a,ed f ™ phage- 
such as T3 *l #11. H. W31. gh-1, Y. A1122 and SP6. Each of these enzymes can be modified to have 

iZtedlH 'I 0 ? ° f th9 m ° dified 77 enzyme - 11 is possible to ^ ola,e *. enzyme from ^ phage 
nfected cells d.rectly, but preferably the enzyme is isolated from cells which overproduce it. By substan 

TmZ lL meant ^T* e " 2yme ^ ^ amin ° add Substitutions which *» Effect L ove all 

h! n 3 !i a T 7 fied t0 r8m0ve ^ exonuc,ea se activity. This modification may be performed at 
the genetic or chemical level (see below). 



ss Cloning T7 polymerase 



and ^TtTIC °' ^ inventi ™ we sna " describe the cloning, overproduction, purification, modification 
and use of T7 DNA polymerase. This processive enzyme consists of two polypeptides tightly complexed in 
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, tTlf 0 '*^- 0ne is ,he P ha 9 e T7-encoded gene 5 protein of 84,000 daltons (Modrich et al 
50 J Biol. Chem 5515, 1975), the other is the E. coli encoded thioredoxin. of 12,000 daltons (Tabor et al 
J Biol. Chem. 262:16. 216. 1987). The thioredoxin ITan accessory protein and attaches the gene 5 protein 
(the non-process.ve actual DNA polymerase) to the primer template. The natural DNA polymerase has a 
s very active 3 to 5 exonuclease associated with it. This activity makes the polymerase useless for DNA 
sequencing and must be inactivated or modified before the polymerase can be used. This is readily 
performed, as described below, either chemically, by local oxidation of the exonuclease domain or 
genetically, by modifying the coding region of the polymerase gene encoding this activity. 

w pTrx-2 

* * C ,' 0ne th8 ^ < thioredoxin > 9 ene of E - coli wild type E. coli DNA was partially cleaved with 

Sau3A and the fragments ligated to BamH l-cleaved — T7~T3NA isolated fr5m strain T7 ST9 (Tabor et al in 
Thioredoxm and Glutaredoxin System s: Structure and Function (Holmgren et al.. eds) pp. 285-300. Raven 
nSi ? a- 1! 6t f'P^- The n 9 ated DNA " as transfected into E. coli trxA" cells, the mixture 
trll^on? ^ fh CeHs - ™ d the resulti "9 17 P ,a ^ es Pte^d. Since T7 cannoTg™ without an active E. coli 
£££ L P " S containin 9 tne **A 9 ene could form plaques. The cloned trxA geneTWiri 
located on a 470 base pair Hindi fragment. — 

In order to overproducelhioreodoxin a plasmid. pTrx-2. was as constructed. Briefly, the 470 base pair 
Hindi fragment containing the tncA gene was isolated by standard procedure (Maniatis et al., Cloning A 

rtSSlT- ' » SPri " 9 Harb ° r UbS - C0 ' d Spri " 9 Harbor ' NY >" and ^ * a derivative' of 
PBR322 containing a Ptac promoter (ptac-12. Amann et al., 25 Gene 167, 1983). Referring to Fig. 2, ptac- 

12, containing ^-lactamase and Col El origin, was cut with Pvull, to yield a fragment of 2290 bp, which was 

tZXvlT^T™ C T° PieS 0< ( ^ C " fra 9""emrusing commercially available linkers (Smal- 
BamHI I polyl.nker), to form P Trx-2. The complete nucleotide sequence of pTrx-2 is shown in FigOrFT- 

IT^rr! ° n , iS ^ Under th8 COntr °' ° f the t3C promoter ' and thus can be specifically induced," 
e.g. by IPTG (isopropyl jS-D-thiogaladoside). — 

PGP5-5 and mGP1-2 

tn ,fT, 9 T Pr0dUCtS ° f 17 m ,6thal Wh8n ex P ress * d in E. coli. An expression system was developed 
to facilitate cloning and expression of. lethal genes, based bTthe inducible expression of T7 RNA 

bv T^^ *l I Pr ° m" X^:" S ° me - ^ StrainS and 30 exam P ,e 01 such a s V stem ■« d ^cribed 

*W J^Llr \Z \ ^ ad , SC ' 1074 ° 985) Whefe 17 96ne 5 was P ,aced under »• « * *. 
4>10 promoter, and is only expressed when T7 RNA polymerase is present in the cell 

T7 fT^^VLT 9 constructed standard Procedures using synthetic BamHI linkers to join 

S^Tnc I toll?, tf St ? 10 J 6869 ( — W) ' C ° ntainin9 9908 * 10 the 560 bp ^™<* of T7 from 
5667 (Hmcll to 6166 (Fnu4H1) containing both the *1.1A and «1.1B promoters, which are recognized by 

»« ,07m T' 356 ', . 3kb ^ H| -^H fragment of P ACYC177 (Chang et al.. 134 J. Bacteriol. 
1 141 978). The nucleot.de sequence of the T7 inserts and linkers in shown in Fig. 8. In this plasmid gene 
5 is only expressed when T7 RNA polymerase is provided in the cell. 

Referring to Fig. 3. T7 RNA polymerase is provided on phage vector mGP1-2. This is similar to pGP1-2 
(Tabor et al.. id. except that the fragment of T7 from 3133 (Haelll) to 5840 (Hinfl). containing T7 RNA 
poymerase was hgated, using linkers (Bglll and Sail respedivelylto BamHI-Sal|-Eut M13 m P 8. p.acing the 
shTn in Rg 9 9 ene ^ *" ~ ^ com P lete " n ^leolide sequence of mGPI 2 is 

Since pGP5-5 and pTrx-2 have different origins of replication (respectively a P15A and a ColEI origin) 
oreseTce^ ^r^To ^ simu,taneous| V- P T «* ° x P«*ses large quantities of thioredoxin in the 
™Sn J i n2 , Ca " C °f X,St the S3me Ce " 38 these *"° P ,asmids and be «sed to regulate 

17 . P ° ,r ° m PGP5 - 5 ' Simp ' y by C3USin 9 P roduction of Polymerase by 

inducing the lac promoter with, e.g., IPTG. 

Overproduction of J7 DNA polymerase 

There are several potential strategies for overproducing and reconstituting the two gene products of trxA 

!in 1 ^ CG " StfainS and pl3Smids ^ 08 utili2ed ,or 311 strategies. In the preferred 

strategy the two genes are co-overexpressed in the same cell. (This is because gene 5 is susceptible to 
proteases until thioredoxin is bound to it.) As described in detail below, one procedure is to place the two 
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genes separately on each of two compatible p.asmids in the same cell. Alternatively, the two genes could 
be placed .n tandem on the same plasmid. It is important that the T7-gene 5 is placed under the control of 
a non-leaky inducible promoter, such as «1.1A. «1.1B and *10 of T7, as the synthesis of even small 

. toTwlZteo?!!™™* 3 T*" " t0XiC m0St * «* «*• B V non-^T^Zte 
nZ,T f n 2 96ne Pr0dUCt m pr0duced - ^(generation time, from the gene when the 
promoter, controlling the gene's expression, is not activated. Preferably the T7 RNA polymerase expression 
system ,s used although other expression systems which utilize inducible promoters could ateo be ^jsed A 
nd^T t' 9 " plac '. a,lows more 500 "olecules of protein to be synthesized, even when not 

» T a T 9 ' ethal 96n8S Under the contro1 of such a P romoter 9row poorly and are no 

10 su-table ,n th.s invention It is of course possible to produce these products in cells where they are no 
lethal, for example, the plac promoter is suitable in such cells. 

In a second strategy each gene can be cloned and overexpressed separately. Using this strategy the 
cells containing the individually overproduced polypeptides are combined prior to preparing the extract at 
which point the two polypeptides form an active T7 DNA polymerase g me extracts, at 

15 

Example 1 : Production of T7 DNA polymerase 

mr!i SfS" 7 V 18 i Me ^ in9 6t 3l - Pr ° C - Nat A ° ad ScL 74:3642 " 1977 > is used for Preparing stocks of 

20 Tsirl ™ n " *™ d 50 /0 9,yCer0 ' 31 • 8 °' C - and iS Streaked on a minima ' agar plate 

20 Ajingle colony is grown overnight in 25 ml standard M9 media at 37'C, and a single plaque of mGPI-2 1 

T£? SUTSL t USi " 9 Pr8Pared 7118 CeHS - ^ P,a < ue is used to inoculate 10 ml 2X 

LB (2/o Bacto-Tryptone. % yeast extrac , 05% NaC| QmM NaQH) ^ 

talT * 1? . r P ^ Pha9e St ° Ck f ° r Preparin ° 3 laf 9 e culture of m G pi "2- After 3-12 
25 laZ outre Vx 50 U 0 ivfR^ 9 ^ ^ the SUpematant USed t0 in,ect the ^ < 2L ) culture. For the 
WhPn Z'l I , ,^ .I' ln ° CU,ated Wth 4 X 5 ml 7118 CellS arown in m - and is ^aken at 37'C. 
!1 o J,T, t , S 9r0W " t0 3n As9 ° = 1 ° ( a PP ro «y t^ee hours), they are inoculated 

oZZt a t%T^LT a t 9 ? ^ lysate of mGP1 - 2 The in,ected ce,,s are then 9— 

™ r f ' 3 J °- V"™* V ' the ° ellS m rem ° Ved by ce "W^gation. and the supernatant is ready to 
3D ml c 7. K38/ P GP5-5/ P Trx-2 (see be.ow). The supernatant can be stored at 4«C for approxi- 

A -5 ZZH \ • r V' ,e : ~ 5 X 10 " * /mL At thiS **■ 1 L 0f Phaae wi " infect 12 ■»» of cells at an 
Asso -5 w.th a mult.pl.cty of .nfection of 15. If the titer is low. the mGP1-2 phage can be concentrated from 

^rri^t ^tr" 1 72 ac ho 60 PEG - 6000 (65 9m/iiter) in ?he supema,ant - ^ £ 

To^ns L mGpl 2 ZlZ I ' ?1 centri,u 9 in 9 f 7000 ^ for 20 ™>- The precipitate, which 
35 SppT?/ t T 9 i resuSDended in approximately 1/20th of the original volume of M9 media. 

PGP5 < ?S ^ZSTiZT r S ?, Strain <9enotype H,rC (X)) containin9 the *"° ^P 34 *' 6 P ,asmid « 
KSJLT?, P t P ? P5 " 5 P ' asm,d has a P15A ori 9 in of Ration and expresses the kanamycin (Km) 
The Sir pT f 2 has a ColEI ori 9i« of replication and expresses the ampici.lin (Ap) resistance gene 

2KSh?? Md T . K38 bY ' Mml Pr0CedUr9S ' Se,eC,in 9 and Ap respectively The 
cells K38/pGP5-5/pTrx-2 are stored in 50% glycerol at -80 'C. Prior to use they are streaked on a olate 

" "2 conT' Tn iCi "; n . and kanamydn ' 9r ° Wn 3t 37 * C ° V6mi ^ - d a 4-e coJnTgln in m 
LB media contain.ng 50ug/ml ampicillin and kanamycin. at 37- C for 4-6 hours. The 10 ml cell culture is 

SSJ T«J^ ! m9 d3y ' the 500 ml Cu,ture is used to inoculate 12 '"or* of 2X LB-KPO. media (2% 
5 74^^' V^ 9 ^^ 0 5% NaCI - 2 ° KPO. 0.2« A dextrose, and 0.2°* casamino acids P H 

Llnf 9 h ^, f ?°" 3 ' erment0r 3t 37 * C - lhe cells reach an Asso =5.0 (i.e. logarithmic or 
stationary phase cells), they are infected with mGPI-2 at a multiplicity of infection of 10. and IPTG is ad^ 

JSlTST a5m w M) - ^ ' PTG indUC6S Pr ° dUCti0n ° f thi0fed0xin and the T7 RNA poiymerai^ 
2 , ,1 ' UCGS P roduction of th o cloned DNA polymerase. The cells are grown for an 
addibona. 2.5 ^rs w«h stirring and aeration, and then harvested. The cel. pellet is resuspendeTin 1 6 i. 

20?mM r St m Ln S " H S' P " mM EDTA " d r6 - Spun - Rna "^ the cel " ^ is resuspended in 

in? i If sucrose/20 mM Tris-HCI. P H 8/1.0 mM EDTA, and frozen in liquid N 2 . From 12 liters of 

mgSedtxin ^ ^ ^ ^ ° btaine<J ° 0ntainin9 ^P^" 1316 ^ 700 m 9 gene 5 protein and 100 

> extraTof^SZ?'"?, ^ 2° ne) over P roduces thioredoxin. and it is added as a "booster" to 
» extracts of K38/pGP5-5/pTrx-2 to insure that thioredoxin is in excess over gene 5 protein at the outset of the 

S^n," 8 ^f PTO< * 2 Ce,,S - ^ in 9,yC8ral a ' - 80 ' C - P "°' to "se ^ey are st^eSd 1 a 
plate conta.n,ng 50 ug/ml ampicillin. grown at 37'C for 24 hours, and a single colony grown at 37'C 
overraght in 25 ml LB media containing 50 ug/ml ampicillin. The 25 ml culture is used to inoculate 2 L of 2X 
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oL m uSon an s IT 9 ! 3 ? 7 ! 0 - "IT ^ 06118 feaCh a " ^ the P <ac P ramote '" *" *i°redoxin 
product.cn. .s .nduced by the add.tion of IPTG (final concentration 0.5 mM). The cells are grown with 

Hol Za% nT F ml 2 'V° UrS * 37 ' C ' harVeSted ' "-"P"*" 600 ml 10% sucrose/2? mM Tris 
i ShCI TLs mM fhtT r H? Un - ^ *" Ce " S 3re resus P ended 40 ml 10% sucrose/20 mM 
^„tSm J ml i ED ^ A -. and fr02en "quid N 2 . From 2L of cells 16 gm of cell paste are obtained 
containing 150 mg of thioredoxin. 

Thi^LV 0 !? 16 P^™? 86 inV °' ve the use of single-stranded calf thymus DMA (6mM) as a substrate 
l^ iSTi^T I'rVT 56 bV denaturation of doub.e-stranded calf thymus DNA with 50 mM 

> fnrihl lf " 0W6d by neutralization with HCI. Any purified DNA can be used as a template 

> for the polymerase assay, although preferably it will have a length greater than 1 ,000 bases 

et J R rd , T ^ l , DNA «L y , mer f 6 3SSay US6d iS 3 modificati °" °f the procedure described by Grippo 

tlSVrTln ZJr?- 1971) - The Standard reaCti0n mix < 200 111 ,inal volume > stains *0 mM 
<S hSp 7 J? D m , r3u^ mM dithio,hreito1 ' 100 nmo1 alkali-denatured calf thymus DNA. 0.3 mM 
dGTP. dATP dCTP and [ 3 H]dTTP (20 cpm/pm). 50 ug/ml BSA, and varying amounts of T7 DNA 

' 2Z7i^T °VlVJ' C W™'* for 3 ° «*» (5 min-60 min). The reaction is stoppe7by the 

°m u ( . Q 1 N HCI "°- 1 M PV r °P h0S P hate - Acid-insoluble radioactivity is determined by 

1 1^1 ?l i <25 ° J " Bl ' 01 - Ch6m - 5523 ' 1974) ' The DNA is P™**** °" '~ for 15 min (5 

oT cold « r C) 0 iT^m"* 9,a r ,ib h er ,ilterS by fi ' trati0n - The ,i,terS " washed five « mes ^ "I 
of cold (0 C) 01M HCI-0.1M pyrophosphate, and twice with cold (0'C) 90% ethanol. After dryinq the 

rad.oactiv.ty on the filters is counted using a non-aqueous scintillation fluor 9 ' 
^ l „h.« e , Unit ° f P°' ymeraSe 3Ctivity Catalyzes the '"corporation of 10 nmol of total nucleotide into an acid- 

TdmZZ! 31 1 7 ! 0 ' ""^ ^ C ° nditi0nS 9ive " 3b0ve - Native 17 DNA P°^** a "d modmed 
ToflO pnmn w 6 be '° W) ^ ^ SpedfiC activity ± 20%, which ranges between 

5 000-20,000 un.ts mg for native and 5.000-50.000 units/mg for modified polymerase) depending upon "he 
preparation, using the standard assay conditions stated above 

nin„H An NA P °' ymeraSe If puri,ied ,rom the ««»ve extracts by precipitation and chromatography tech- 
niques. An example of such a purification follows. any «*->i 

An extract of frozen cells (200 ml K38/pGP5-5/pTrx-2 and 40 ml K38/pTrx-2) are thawed at 0'C 

Zrt mi ITc * C °T ed - *" 5 m ' °' ' yS0Zyme (15 mg/m,) a " d 10 ml ° f NaC ' (sCe adL 
it ar «r ° C '- th ? C6 " S P,3Ced in 3 37 * C water ba,h until their temperature reaches 20'C. The 

T^C ^rtlZ^r V T i0na ' 50 ml ° f NaC ' (5M) iS added ' "* the °* are tna - d in a 

one hrT 3 5?00^ m tT 9 R *! * ^ 96ntly miX6d 31 °' C ,0r 60 min - The * sate is cenWf ^d for 
one h at 35.000 rpm in a Beckman 45T1 rotor. The supernatant (250 ml) is fraction I It contains 

approximately 700 mg gene 5 protein and 250 mg of thioredoxin (a 2:1 ratio thioredoxin togen ' 5 prote 

is aHowed to rfoTe71 S ?„,t * ^ ' (250 ml) " d «"« f ° r 60 min ^ suspensi °n 

is allowed to sit or 60 m.n, and the resultmg precipitate collected by centrifugation at 8000 rpm for 60 min 

mES!TZT?*T£ 3 °° t m ' ° f 20 mM TriS - HC ' PH 75/5 mM 2-mercaptoeLno^ ? mM 

tDTA/10% glycerol (Buffer A). This is fraction II 

.I is diaTJ^Toirr 3 " D ^ D ^ E (12 ' 6 ^ X 18 Cm) iS Prepared and wash « d with Buffer A. Fraction 
II .s dialyzed overnight against two changes of 1 L of Buffer A each until the conductivity of Fraction II has a 

P „fJ 1 i > l . ' 3nd WaSh8d With 400 ml of Buffer A containing 100 mM NaCI. Proteins are 

eluted wrth a 3.5 L gradient from 100 to 400 mM NaCI in Buffer A at a flow rate of 60 ml/hr Ra?tions 

a"ZZ °Z^ mer r- e ' UteS 31 200 mM NaCI ' are P°° led - * '-ctl l..090mT 
KPO A oH \ Zs Z l Pj os P hocellu,ose < 12 -6 cm^ x 12 cm, is prepared and washed with 20 mM 

Ser B ™ .nn ^ P ed t0 ^ COlUmn * * f,0W ra,e of 60 mWlr - and washed with 200 ml of 
ITalw rate of 60^,^ ? ^° t8inS ^ e,U,ed ^ 3 18 L gradient ,r ° m 100 10 400 mM KCI in Buffer 
pooled. msSllfn nwT™ ^ " ^ *** **" - 3 °° ^ KC '' - 

70/0^ m M T t h°\^;? 1 Phad f X : A " 5 ° (49 ^ X 15 Cm> iS Prepared and washed with 20 mM Tris-HCI 
of 1 L bX Tr/r T mM EDTA/10% glycerol (Buffer C). Fraction IV is dialyzed against two changes 
te ailEJ? Ji conductmty equal to that of Buffer C containing 100 mM NaCI. Dialyzed fraction IV 
^ applied to the column at a flow rate of 40 ml/hr. and washed with 150 ml of Buffer C containing 100 mM 

S ' ZlT W ^. 3 1 L 9radi6nt fr0m 100 t0 300 mM NaCI Bu «" C at a flow rate of 40 

V 020 mir ^ P° ,ymerase - which ***** at 210 mM NaCI. are pooled. This is fraction 

A column of BioRad HTP hydroxylapatrte (4.9 cm* x 15 cm) is prepared and washed with 20 mM KPO«. 
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45 



50 



55 



PH 7.4/10 mM 2-mercaptoethanol/2 mM Na citrate/10% glycerol (Buffer D) Fraction V * hi*, a - * 
two changes of 500 ml Buffer D earh n;ai™w #„w w • . < Duner traction V is dialyzed against 

and washed with 10 ^ml ^ Buffer D 22f ,°? ! * ■ W ^ t0 C ° !umn at 3 fl ° W rate of 30 m ^ 
PH 7.4 in Buffer D at a low ^J^^^f ^ ' 9 °° fr0m ° t0 180 mM KP0 *' 

- ™. glycero , 

9-VC^e^^ P H 7 ,o, mM dithiomreito,,10 % 

mg/ml with 20 mM KPO nH 7 1?n? m ^ u 9 ffer After dialys,s ' the concentration is adjusted to 2 

'5 Dithietol mm »«h ,i 9 ' m0l3r concentration o' T7 DNA polymerase is 22 uM ) 
diatSTe^ i Ud SL? " t"? 5 r^^ 6 ^ are prepared «™»- 

(0.6 o, a 250 mM s^ fnd 2 0u M f^^Z^ZT\ * T™™™ °' 5 ™ M DTT 
the molar concentrations of T7 ON^o^se and ^ ° i " T mM St0Ck) " Durin 9 modification 

250X molar excess. Polymerase and ,ron are each approximately 20 uM. while DTT is in 

20 r^::^^: 1 ^ a sa r ed oxy9en atmosphere as ,o,i - s - 

stranded 3 H .,aoeled T7 DN^J^^'2^7?^ Pn ^ J 0 ,," 8 * de " aturation of doub,e - 
The standard exonuclease assav used** lZ,r • ? I 5 ,0 "° Wed by "^alization with HCI. 
The standard reaJSn ZSTIw^l IT^T 1 ?* deSCfibed by Chase et aL 

>o mM dithiothreitol. 60 n™^^ mM ™HC. pH 7.5, 10 mM MgCi^To 

polymerase. 'H-.abe J ^ 3nd Varyi " 9 ™ ts ° f ™ ™* 

radioactively labeled DNA state or 7o.L ^ USed 35 3 SUbStrate " any unifo ™'y 

single- or dLle-strandedV^n^ 

12.000 g for 30 min (5 min 3 n!t 100 u.^ °" ~ 15 ° ™ ' 12 ^ then at 
radioactivity by adding ft t T«0 ul water an* . m r SUpema,ant is used to determine the acid-soluble 
On« ., nit ! . d 5 ml of ac ^ ueous scintillation cocktail. 

u^^SZ^^,^^ S0,UbiN2ati0 " <* 10 - «- -eotide in 30 min 
• units/mg, using the Indardlssa^condr * SPedfiC e * onucleas « «**y of 5000 

m^ifiedT7DNA P olvme?a S d dirL *** ^ ^ Specific nuclease activity of the 

100-fo.d loS^Tr T^TnZ" T eXtem ° f modifica «on, but ideally is atTeast 10- 

fold higher. S,randed substrate ,s "sed the exonuclease activity is about 7- 

reaction will proceed mo2 r«Sly^^^ h "? <0 dlSWbUte 4,19 S ° ,ubte 0xyQen - 0th8fwise 
2.5 mM DTT (0 3 ml oTafresS II, T , tf" 6 Concen,ration of ox V9en is higher. Once per day 

After eight Us ZtZZZ^r V ? 5 r n C,i0n) " *"« t0 replenish ,he oxidi ^ DTT. 
negligible loss oiTCe J^Z r^TZ ° ^ haS bee " reduced 50% - 

exonuclease «^r™*e^^«J?,^ ^ ? * he r6SU,t 0f ^ COmp,ete inactivati °" of 
exonuclease activity f f aille molSutef th T **' ^ 3 96neral reduction °' ,he ^ of 

polymerase acS ^t^S^L ' ! e ' 9ht h0Ur feaC,i ° n a " the mo,ecules have "ormal 
of «L original exlctease aS aCt ' Vity ' Wh " e ^ ^ ha " have <01% 

^^mA^^ S Z e mM <™ hour reaction), the enzyme is suitable. a,though 
proved to gLer^ ^ ° f DNA «• reaction is allowed to 

four days rnod.ficat.on (hav.ng less man 50 units of exonuclease activity), which requires 
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JOZ-T ^ re3Cti0n miXtUre iS dialy28d a9ainSt 2 ^Q* 3 of 250 ml of 2 0 mM KPO* pH 74/0 1 
mM d.th.othre.tol/0.1 mM EDTA/50% glycerol to remove the iron. The modified T7 ONA polymerase (-4 
mg/ml) is stored at -20'C. 1 

The reaction mechanism for chemical modification of T7 DNA polymerase depends upon reactive 
oxygen spec.es generated by the presence of reduced transition metals such as and oxygen A 
possible reaction mechanism for the generation of hydroxy! radicals is outlined below: ' 

(1) Fe 2 * + Oz - Fe 3 * + Oj 
• (2) 2 Oj + 2 H* -» HzOz + 0 2 

(3) Fe 2 * + HzOz - Fe^ + OH + OH~ 

r™ 'iZnl'Tn 1, ° Xid ? 0n ° f r6dUCed melal i0n yields su P eroxid e radical, O, . The superoxide radical 

tin If-. 9 ,h ^ !, reaCt,0n - Pr0ducing hydr ° 9en Dero * ide l****™ 2)- Anally, hydrogen peroxide 

Tdized mS on 7? 10 ' 0rm hydr ° Xyl radiC3lS - ° H < the Fenton action, equation 3). The 
oxidized metal ,on ,s recycled to the reduced form by reducing agents such as dithiothreitol (DTT) 

These reactive oxygen species probably inactivate proteins by irreversibly chemically altering specific 
Z^XLTi ^ S " Ch H dama9e " ° bSefVed SDS " PAGE of " 0- 5 produced by cTb or 

E'intn^ 9 T < d,SaPPear ' hi9h m ° ,eCU,ar Wei9ht cross linki "9 occur * and *>™ fragments are 
broken into two smaller fragments. 

mpt fl ?r a T i0US ! y menti0ned ' oxy 9 en ' a reduci "9 a 9ent (e.g. DTT. 2-mercaptoethanol) and a transition 
7l£«r n \^ h eSSen " al 6,ementS ° f *• m ° difiCati0n reaction - The reacti °" occurs in air. but is 
SSSf t T ° f 10 ° % ° Xy9en - ^ reaCti0 " Wi " ««* S,OW,y in the abse "<* ° add ^ 

prTpaSonT Pr6SenCe * *** qU3ntiti8S * tranSi,i ° n m6ta,S (1 " 2uM > in most ° uffer 

C h ft iilTn ted n?A hibi f S °' modi,ication reaction incl ^e anaerobic conditions (e.g.. N 2 ) and metal 
mav nhfc ?L II' ' h addition ' the enz V™ s ^ata.ase and superoxide dismutase 

:zz b ^r^Z'Z n : ,stent wi,h the essentiai ro,e of reactive ^ * ** 9 — - 

th» f ^ a,terna * ive P roced ^e. it is possible to genetically mutate the T7 gene 5 to specifically inactivate 

Sna T" .°? e Pr ° teia Th8 77 96ne 5 Pr0tein purified from such ™* a "* * idea" for use n 

DNA sequencing without the need to chemically inactivate the exonuclease by oxidation and without the 
secondary damage that inevitably occurs to the protein during chemical modification 

Genetically modified T7 DNA polymerase can be isolated by randomly mutagenizing the qene 5 and 

P^TmrcoIini^ r DNA ^ne 5 (e.g.. cloned in pEMBL-8, a 

plasmid containing an origin for smgle stranded DNA replication) under the control of a T7 RNA polymerase 
promoter ,s prepared by standard procedure, and treated with two different chemical mutaX^ydTS 

1SJ85 The 'dna f"' ^ ?" ^ «** M ° &S ^ A ' S " Myers * al " » ScienS 

Inlf;? £ muta9en,2ed at a d ° s ° which results in an average of one base being altered per plasmid 
^ an n Sm H 9le - Stranded ™tagenized plasmids are then primed with a universal 7-mer primer ("ee 
™£l used as templates to synthesize the opposite strands. The synthesized strands contain 
Z£S mC rt 0rp0rated Jfff at positions responding to the mutated bases in the templates. The doufT 

sr D tm?dTpT 2 n- h vr used , to trans,orm the strain K3a/pGp1 - 2 ' wwch is K3 « 

1 ^ ^ "if ^ UP °" h6at induCti0n ^ strain expresses 77 RNA Polymerase 
The fransformed cells are plated at 30 • C. with approximately 200 colonies per plate 

findina^hts-ToT^ ^ ^ST™" ^ e *°" uclease ^ •» b«ad upon the fo.lowing 
mSoJlLL «? eXOnUC 'f ase 01 Polymerases serves a proofreading function. When bases are 
^TEE^S th V X ° nUCleaSe Wi " rem ° Ve the n6W,y in ^PO^ d base which is recognized as 
DNA * ^ ^ ana '° 9 °' dATP ' «»«HJATP. which is readily incorporaL by T7 

oTm^r, m ° f dAm H ° WeVer ' in the PreSence of 3> to 5< exonuclease of T7 DNA 
SurTfi f e "„n T X if* 38 raP ' dly 35 " iS '"^n 50 ^. resulting in no net DNA synthesis. As shown in 

tensive SS 1 8 f ? ."V*"* ^ ^ 35 3 native 17 ^A polymerase catalyzes 

extensrve DNA synthesis only ,n the presence of dATP. and not etheno-dATP. In contrast, modified T7 DNA 
po ymerase. because of its lack of an associated exonuclease. stably incorporates etheno^ATP into DNA at 

pre^LTS^^NT , ThUS " USi " 9 »» d(AT) 38 3 temp,3,e - - *™ - a thenc-dATP a2 
precursors, native T7 DNA polymerase is unable to synthesize DNA from this template, while T7 DNA 
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polymerase which has lost its exonuclease activity will be able to use this template to synthesize DNA 
A J o Pr o°™ Ure f ° r ,ySi " 9 ™ d screenin 9 l*9e number of colonies is described in Raetz (72 Proc Nat 
Acad. Sc. 2274. 1975). Briefly, the K38/pGP1-2 cells transformed with the mutagenic gene Staining 
plasmids are transferred from the petri dish, where they are present at approximately 200 colonies per 

' totdul .El^lT ( " reP,iCa Pla,i " 9 " ) - Th9 fi ' ter P3per discs « P' aced * «'C for 60 Z 
1?S T «, 1 ^P°'y merase - wnicn in turn expresses the gene 5 protein. Thioredoxin is constitutively 
produced from the chromosomal gene. Lysozyme is added to the filter paper to lyse the cells After a 

T* ™ St9P t0 enSUre ° e " lySi$1 ^ fi,ter discs are "«**ed with poly d(AT). ^PJdTTP and 
etheno-dATP at 37-C for 60 min. The filter paper discs are then washed with acid to remove *e 

zzz a ^r mjp - z m wHi precipita,e ° n *■ mer paper in add - wh " e **o«i Si. rsib e 

The washed fHter paper ,s then used to expose X-ray film. Colonies which have induced an active T7 DNA 
polymerase which is deficient in its exonuclease will have incorporated acid-insoluble » P . and will be visible 
by autoradiography. Colonies expressing native T7 DNA polymerase, or expressing a T7 DNA polymerase 
defective in polymerase activity, will not appear on the autoradiograph polymerase 

' cinSrS. Whi ° 1 • aPPear afe reC0V6red from the mas,er P etri dish containi n9 the original 

hna nn,' ° ?•'"? P ° XM P ° Si,ive d0ne wi " be induced on a scale (one liter) anS T7 

muttnt P " ^ f T SaCh PrePara,i ° n t0 aSCertain the leve,s of ^nuclease associated with each 

mutant. Those low in exonuclease are appropriate for DNA sequencing 

aen^^^T'^ 3150 * USed ,0 iS0 ' ate "" etiC mu,ants in the ^nuclease domain of the T7 
gene 5 protein. The following is an example of this procedure. 

h- 7 1 • D H 1 ^. ^ -yrn0raSe With reduC6d exonucleas e activity (modified T7 DNA polymerase) can also be 
d.st.ngu.shed from native T7 DNA polymerase by its abi.ity to synthesize through region of sector! 

IT' T r m r Sd ° NA P °' ymeraSe ' ° NA Synthesis ,rom a labeled P*S» on a tem P l te having 
ZZSL T* ' reSU 'V n Si9nifiCanUy '° n9er eXt6nSi0nS ' COm P ared to or native DNA 

™ZZT ! ? S3y Pr0V ' d8S 3 b3Sis for screeni "9 ,or the conversion of small percentages of DNA 
polymerase molecules to a modified form. 

chemS.^nffTh^ "'I* SCreen ' 0r a ' ,ered 17 ° NA P° , y«™**» after treatment with a number of 
chemica reagents. Three reactions resulted in conversion of the enzyme to a modified form The first is 

JTnT an , d a re H ucing agent - as described above - The o,her *° involve ^ ° 

Is, h« ml^ r'f'" 9 ^ 68, R ° Se Be " 9al 3nd m6thylene blue ' in P resence ^ light. The dyes 
must be titrated carefully, and even under optimum conditions the specificity of inactivation of exonuclease 
activrty over polymerase activity is low. compared to the high specificity of the iron-induced ox rtSon sZ 

Te Ses S m^ST- **■ T*"*" ° f hiStid ' n6 reSidues ' this result strang * im P ,icates ^ 
residues as an essential species in the exonuclease active site. 

D mJ?in 11 !! hjStidi I! e re ^ U8S in 77 96ne 5 Pr0tei " Bght of th9se residues lie in the amino half of the 
5?SL JI T" ' b f ed °" ,he h ° m0,09y with the lar 9 e fra 9ment of E. coli DNA polymerase I. 
he exonuclease domain may be located (Ollis et al. Nature 313. 818. 1984). As ascribed below seven o 
the eight histidme residues were mutated individual by synthesis of appropriate olflonuSaCS^ 
were then incorporated into gene 5. These correspond to mutants 1 . and 6-1 0 in table 1 
Chem %T?££ W t ere h C0 o structed b V «"* cloning the T7 gene 5 from pGP5-3 (Tabor et al.. J. Biol. 

ST'Jf in ^ T — ' ^ d '" Sit6S ° f vec,or M13 m P 18 ' to 9ive mGP5-2. (The vector 
used and the source of gene 5 are not critical in this procedure.) Single-stranded mGP5-2 DNA was 

sS'ust T^Z^^-^T deox y uraci, in P ,ace ° f deoxythymidine (Kunkel. Proc. Natl. Acad. 
. ^ ,.7. ,- ™' S P rocedure Provides a strong selection for survival of only the synthesized 

1Z ESSES-"' — — — - sa. — - - J -1S?S 

Mutant oligonucleotides. 15-20 bases in length, were synthesized by standard procedures Each 

tXa CSS T TTV° ^ temP,ate ' 6Xtended USi " 9 " ative 17 DNA y polymerase P r. d g Jd us!ng 
T4 DNA l,gase. Covalently closed circular molecules were isolated by agarose gel electrophoresis run in 

E r'lTa 6 JXT^T- ^ reSUWn9 PUfir,ed m0leCU,6S ^ the " to SnsfZ 
IcFniutetion "* *° r6 ' eVant r6gi0n set ' uenced to confirm 

exon^frhf S 7™ arizes the oligonucleotides used to generate genetic mutants in the gene 5 

Dunn ^ 7 16* TT^ ZTlV'lT^ and baSe pair numbers « take " *«" 

mZed ^'Jso shown ^ ^ ^ ^ ^ WiW ^ Seque " C6S ° f »» of 9ene 5 
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Wild type sequence 

109 (aa) 



S £ S S » is' s s s s s s I s - «■ 

146.77.117 bp) «C Gffl AAA CGC -TT GGG TCT CAC OCT TTG GAG 



Mutation l: His 123 Ser 123 

?r — Cr U3ed: 5' CGC TT7 GGA TCfi ~C GCT TTG 3 1 
Mutant sequence: 

£ S S S £ £ 5 S 2 iS S 5 Si £ I £ - S 

Mutation 2: Deletion c* Ser 122 and His 123 

?r ^ er USGd: 5 ' GGA AAA CGC 777 GGC GC£ 77 G GAG GCG 3' 

M „_ a _ 6 -ase deletion 

r.-^ant sequence: 



1 7^ - -i «5 



~- if? fir ~« u *~ «y -y* *r 7 m. Gly ^ . eu .... 

— v.„ u ^ ^ 3 ~ G c== ^ .eu ... 
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Huc.tioa 3: Ser 122, Kis 123 - Al* 122, Glu 123 
Printer used: S- CGC TTT GGG GCT fiAfi GC7 TTG G 3 " 
Mutant sequence: 

C.T CTG CGT .CC GGC AAG TTG CCC GGA AAA CGC TTT GGG fiCT fiAfi GCT 7Z 



eu Glu 
TG GAG 



Mutation 4: Lys 118, Arg 119 ~> Glu 118, Glu 119 

Primer used: 5' 5* G CCC GGfi fiAA fi&fi TTT GGG TCT CAC GC 3' 

Mutant sequence: 

118 119 

f!" f!" £ r GJy iyj ieu * ro GJy ^ PAa Giy 5er ^* «« 

C.G CGT .CC GGC AAG TTG CCC GGfi fiAA fi^fi TTT GGG TCT CAC GCT TTG GAG 

Mutation 5:. Arg 111, Ser 112, Lys 114 -» Glu ill, Aia 112, Glu 114 
Primer used : 5- G GGT CTT CTG fi£& fiCC GGC fiAG TTG CCC GG 3' 

Mutant sequence: 

111 112 114 

Leu Leu ^ &Zz_Gly ^lu Leu Pro Gly Lys Arg Phe GXy Ser His Ala Leu 

Glu 

CTT CTG ££A fiCC GGC fiAG TTG CCC GGA AAA CGC TTT GGG TCT CAC GCT TTG GAG 
Mutation 6: Kis 59, Kis 62 Ser 59, Ser 62 

?ri--=er used: 5' ATT GTG TTC ZZZ AAC GG& ICC AAG TAT GAC G 3' 

wild-type sequence: 

aa: 55 59 62 

Leu lie Val Phe His Asn Gly His Lys Tyr Asp Val 
CTT ATT GTG TTC CAC AAC GGT CAC AAG TAT GAC GTT 
T7 bp: 14515 

Mutant sequence: 

59 62 
Leu lie val Phe <>r Asn Gly Ser Lys Tyr Asp Val 
CTT ATT GTG TTC ZZZ AAC GG& ZZZ AAG TAT GAC GTT 



13 



EP 0 516 245 A1 



Hutition 7: His 82 Ser 82 

Primer used: 5' GAG TTC ~CC CTT CCT CG 3 . 

Wild-type sequence: 

" : T 77 62 

ieu A*n Arg Glu Ph» Leu Pro a«t r-7„ , 
TTG AAC CGA GAG TTC CAC CTT CCT 
T7 bp: 14581 CT CGT ^ AAC 

Mutant sequence: 

Xeu Glu Phe ^ ie U Pro ^ , 

TTO AAC CGA GAG TTC g ^ £ £ GAG £ 

Mut.tion 8: Arg 96, His 99 -♦Leu 96. Ser 99 
Priaer used: 5' CZS TTG ATT ££T TCC AAC CTC 3- 
Wild-type sequence: 

« J.' kr s » s «' s s s s a ts s js 

Mutant sequence: 

S £ S g 5=" £ £f ~ £ "° «f 

.... ***** - cc A*C CTC AAG GAC ACC GAT 

Mutation 9: H ±j 190 Ser 190 
Priaer used: 5' CT GAC AAA 2£T TAC TTC CCT 3- 
Wild-type sequence: 

aa: 185 " lgo 

Xeu Leu ser Aap ly, T ys Phm Pro P „ 0 ffJ ■ 

CTA CTC TCT GAC AAA CAT TAC TTC CCT C~ S" 
T7 bp: 14905 ** w u w . Ga« 

Mutant sequence: 

150 

f!f A * p ly5 Tyr ?he Pre > *« «» 

C-A C.C TCT GAC AAA — TAC TTC CCT CCT GAG 
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Mutation 10: His 218 -» Ser 218 

Priaer used: 5 1 GAC AT? GAA I£T CGT OCT GC 3* 

Wild-type sequence: 

aa: 214 218 

Val Asp xie Glu His Arg Aia Aia Trp Leu Leu 
GTT GAC ATT GAA CAT CGT GCT GCA TGG CTG CTC 
T7 bp: 14992 

Mutant sequence: 

218 

Val Asp lie Glu Arg Aia Aia Trp Leu Leu 

GTT GAC ATT GAA 2£T CGT GCT GCA TGG CTG CTC 



Mutation IV: Dele-on of anino acids 118 to 123 

Pri-r used: C GGC AAG TTG CCC GGG GCT TTG GAG GCG TGG G 3 

A 

18 base deletion 



Wild-type scouence: 
109 (aa) 

Leu Leu Arg Ser Gly Lvs r-i Y~ 8 122 -23 

CTT CTG CGT TCC I?r fff ffiy Ly * *** Phe G1 Y Ser sis Aia 

10 677 (71 bp r ^ ^ CCC <* A "A CGC TTT GGG TCT CAC GC™ 



Mutant sequence: 



Leu Leu Arg Ser Glv Lys Leu ?-o Gil ,c 124 

CTT CTG CGT TCC GGi A^G Sg « £j. • ^7*1° ^ ^ 

-ww •••( i 8 bases) gc? r ~ 3 

Mutation 12: His 123 Glu 123 

?ri=er used: 5. ^ ~- . 3, 

Mutant sequence: 



:™ 5er ^ *--o iys a« ?*e cv s- " 3 

- - rcc «c *« ^ c=e G3 : ^ C3 ? £ £j £ «• 
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Muwtion 13 : (Arj 131, Lys 136, Lys 140. Lys 144, Arg 145 

Glu 131, Glu 136, GIu 140, Glu 144, Qu 145) 



/o 



75 



Wild-type sequence: 
129 (a*) 131 136 

» ss s s s s a s s a a a s s a g s s s 



20 



Mutant sequence: 

129 (aa) 131 13fi 

X ?i - — * iu " et ciy Ciu ^* SI **> «• 21 iS ~ 



25 



30 



fo.ln^ThT*? 96,16 5 Pr ° tein W3S Pr0dUCed by infec,ion of the mutant P^ge into K38/pGP1-2 as 

7^~^Z^ZZ\1^Z *' - - — 

n « a EXt H 3 K S W6re Partially PUri,ied by passa 9 e over 3 Phosphocellulose and DEAE A-50 column and 
r^TS T 9 ^ P0 ' ymeraSe ^ eX ° nUC,eaSe ^ " « abo^hT^ts 
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Table 1 

SUM X5?„? F ^NUCLEASE AND POLYy^sr 
ACTIVITIES OF 77 GENE 5 MOTANTS 

ac - AVUV > 1 activiry. * 

[Wild-type] 

flOOja [10Q]b 

Muont 1 

(His 123 -Ser 123) ^ 
Mutant 2 

(A Ser 122, His 123) 
Maant 3 



>90 

0.2-0.4 >90 



(Ser 122, His 123 -Ala 122. Glu 123) ^ 

55 ' >9Q 
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Table 1 

SU> ^T,^r^ 0NUCL£ASE POLYMERASE 
ACTIVITIES OF T7 GENE 5 MUTANTS 

5 Mutant Exonuclease Polymerase 
» activity. \ activity. \ 

Mutant 4 

(Lys 118. Arg 119 -» Gb 118, Glu 119) <30 
1 o Muont 5 

(Arg 111, Scr 112, Lys 114 -> 
GIu 111, Ala 112, Glu 114) >75 

Mutant 6 

75 (His 59, His 62 -» Scr 59. Ser 62) >75 

Mutant 7 

(His 82-* Scr 82) >75 
Mutant 8 

(Arg 96, His 99 -> Leu 96 ( Scr 99) > 75 
Mutant 9 

(His 190 -> Scr 190) >75 

25 Mutant 10 

(His218->Ser218) >?5 

Mutant 11 
(A Lys 11 8, Arg 119, Phe 120, 
Cly 121, Scr 122, His 123) <o.02 

MwUnt 12 

(His 123 Glu 123) , <30 



20 



>90 

>90 
>90 
>90 

>90 

>90 

>90 



30 



>90 
>90 



35 Mutant 13 



fi£ }?} 9 kF l36 ' Lys I4a L * s 144 - Arg 145 

Glu l^i, oiu 136, Glu 140, Glu 144, Glu 145) <30 



>90 



40 a . ixc: 



45 



50 
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rnod^^^ mU,3nt 1) h3S *• en2ymatic characteristic o, 

phosphocel.u.ose dSe ZoLlI Z h h T" fr ° m thiS mutant usin 9 DEAE-cellulose. 

nearly normi^^2S^2£^^ chromatography. While the polymerase activity was 
A variant of thk JTlnT ^ 1,19 exonuclea s° activity was reduced 4 to 10-fold 

Protein^ ^^^rrS^ 1 ? * 7* ^ "~ ^ ^ ^ 5 

>90% of the polymerase aS? * ,0Wer exonuclease activity, again with retention of 

involving iron, oxygen and a LSnn 12 ! *° reS ' due being modified bv 1,16 Nation 

residues 9 in otterTL^ ^ J" sh °7 histidine 

5294, 1975) The level of LuJi „ , • — ' 983, ^ Hod 9son et al. Biochemistry 14: 

J* The level of residual exonuclease .n mutant 11 is comparable to the levels obtainable by 
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chemical modification. 

Although mutations at His residues are described, mutations at nearby sites or even at distant sites mav 

containing strain has been deposited with the ATCC tsee h«i n «rt Tho .TIT \? (mutatl0n 

ro and induced as described in Taber et al J Biot ISTS^*^"^^ rl, ^"f 
to increase the yield of genetically modified 17 DNA polymfrie * ^ ' C6 " S * 

The above noted deposited strain also contains plasmid pGP1-2 which exon^**: T7 rwa „ ■ 
This plasmid is described in Tabor et al, Proc Nat Acad Sd USA Tmv?!*™ 7 ?! po,ymerase - 
the ATCC on March 22. 1985 and assigned the numbed ! 75 ~ ' dBp °"' 8d 
s Refemng to Rg. 1 0, pGP5-6 includes the following segments: 

1. EcoRI-^l-Smai-BamHI polylinker sequence from M13 mpIO (21 bp) 

T7 b bn 1 ? 4 °7n? 16 I 47 ' th f* C ° ntainS * e 77 " ne 5 ' with th9 fol,owi "9 modifications: 
T7 bp 14703 is changed from an A to a G, creating a Smal site 

T7 bp 14304 to 14321 inclusive are deleted (18 bp). 

o 3. Sall-Pstl-Hindlll polylinker sequence from M13 mp 10 (15 bp) 

4. pBR322 bp 29 (Hindlll site) to pBR322 bp 375 (BamHI site) 

6. pBR322 bp 375 (BamHI site) to pBR322 bp 4361 (EcoRI site). 

> 

DNA Sequencing Using Modified J7-type DNA Polymerase 

SZI^aSJEiS ChM - 0ther e5Sential envi ™™"t*' components of the 

Str eng£^^^ 

z:T^^^T yM<s& wphosphates - such that dna ^z:-;^^2 

3ons of^eSe ml ^ " t0 M "* radi0aCtive * ,abe,ed P ri ™ -der 

. P rocess ve DNA synthesis, terminating each extension exclusively at correct sites in fo..r 
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Either [a35S]dATP.[o»P]dATP or fluorescently labelled nucleotides can be used in the DNA sequencina 
reactions with modified T7-type DNA polymerase. If the fluorescent analog is at the 5' end of the primer 
then no pulse step is required. 

Two components determine the average extensions of the synthesis reactions. First is the length of time 
i of the pulse reaction. Since the pulse is done in the absence of chain terminating agents, the longer the 
pulse reaction time, the longer the primer extensions. At O'C the polymerase extensions average 10 
nucleot.des/sec. Second is the ratio of deoxyribonucleoside triphosphates to chain terminating agents in the 
chase reaction. A modified T7-type DNA polymerase does not discriminate against the incorporation of 
these analogs, thus the average length of extension in the chase is four times the ratio of the deox- 
> ynucleos.de tnphosphate concentration to the chain terminating agent concentration in the chase reaction 
Thus, in , order to shorten the average size of the extensions, the pulse time is shortened, e.g.. to 30 sec 
and/or the ratio of chain terminating agent to deoxynucleoside triphosphate concentration is raised in the 
chase reaction. This can be done either by raising the concentration of the chain terminating agent or 
lowering the concentration of deoxynucleoside triphosphate. To increase the average length of the 
i extensions the pulse time is increased, e.g.. to 3-4 min, and/or the concentration of chain terminating agent 
is lowered (e.g., from 20uM to 2uM) in the chase reaction. 

Example 2 : DNA sequencing using modified J7 DNA polymerase 

The following is an example of a sequencing protocol using dideoxy nucleotides as terminating agents 

is JT?tf r f ded !" 13 ° NA (mGP1 - 2 ' Prepared by Standard P^ures) at 0.7 mM concentration 
is mixed with 1 ul of complementary sequencing primer (standard universal 17-mer, 0.5 pmole primer / ul) 
and 2.5 ul 5X annealing buffer (200 mM Tris-HCI. P H 7.5, 50 mM MgCI 2 ) heated to 65 'C for 3 min and 
slow cooted to room temperature over 30 min. In the pulse reaction, 12.5 ul of the above annealed mix was 

TE?2 rj, 5 £2S"S£ l M ' 2 U ' ° f 3 dNTPS (dGTP ' dCTP ' dTTP > 3 mM each < PL Biochemicals. in 
TE), 2 5 ul [«*S]dATP. (1500 C./mmol. New England Nuclear) and 1 ul of modified T7 DNA polymerase 
described in Example 1 (0.4 mg/ml, 2500 units/ml, i.e. 0.4 ug, 2.5 units) and incubated at 0'C for 2 min 
after vortexing and centrifuging in a microfuge for 1 sec. The time of incubation can vary from 30 sec to 20 
mm and temperature can vary from 0'C to 37 -C. Longer times are used for determining sequences distant 
Trom the primer. 

nr.hl'L'il f'T^V, ^, 3b0Ve PU ' Se reaCti0 " are added 10 each of ,our tubes containing the chase mixes, 
preheated to 45 C. The four tubes, labeled G. A, T. C, each contain trace amounts of either dideoxy (dd) G, 
hat*°! Biochemicals). The specific chase solutions are given below. Each tube contains 1.5 ul 

ul u T "hS5™ annea ' in9 bUff6r (2 °° mM Tris - HCI ' pH 7 " 5 - 50mM M 9 CI *>- «« 10 *NTP 100 
UM (where ddNTP corresponds to ddG,A,T or C in the respective tubes). Each chase reaction is incubated 

at 4S o (or 30 C-50 C) for 10 min. and then 6 ul of stop solution (90% formamide. 10mM EDTA, 0.1% 
xylenecyanol) ,s added to each tube, and the tube placed on ice. The chase times can vary from 1-30 min 

The sequencing reactions are run on standard. 6% polyacrylamide sequencing gel in 7M urea, at 30 
Watts for 6 hours. Pnor to running on a gel the reactions are heated to 75' C for 2 min. The gel is fixed in 
10/. acetic acid 10% methanol, dried on a gel dryer, and exposed to Kodak OM1 high-contrast 
autoradiography film overnight. 

Exam P |e PJ^ sequencing using limiting concentrations of dNTPs 

In this example DNA sequence analysis of mGP1-2 DNA is performed using limiting levels of all four 
deoxynbonucleos.de triphosphates in the pulse reaction. This method has a number of advantages over the 
protocol m example 2. First, the pulse reaction runs to completion, whereas in the previous protocol it was 
m T^! mterrUPt 3 time C0UfSe ' a consequence the reactions are easier to run. Second, with this 
method it is easier to control the extent of the elongations in the pulse, and so the efficiency of labeling of 
sequences near the primer (the first 50 bases) is increased approximately 1 0-fold 

7 ul of 0.75 mM single-stranded M13 DNA (mGP1-2) was mixed with lul of complementary sequencing 
P J m ° le primer/ul > and 2 «*' 5X waling (200 mM Tris-HCI pH 7.5, 50 mM MgCI 2 
250 mM NaCI) heated at 65 'C for 2 min. and slowly cooled to room temperature over 30 min. In the pulse 
reactjon 10 ul of the above annealed mix was mixed with 1 ul dithiothreitol 0.1 M, 2 ul of 3 dNTPs (dGTP 
dCTP. dTTP) 1.5 UM each. 0.5 ul [a^SJdATP. (a10uM) (about 10uM. 1500 Ci/mmol, New England 
Nuclear) and 2 ul modified T7 DNA polymerase (0.1 mg/ml. 1000 units/ml, i.e. . 0.2 ug. 2 units) and 
mcuDatea at 37 c for 5 mm. (The temperature and time of incubation can be varied from 20*C-45'C and 
1-60 mm., respectively.) 
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3.5 m aliquots of the above pulse reaction were added to each of four tubes containing the chase 

eX^tlTATrThe r T f ° Ur ,Ub6Sl ' ab8led G ' A " T ' C ' ^ ^arnt s 5 

e.tner dideoxy G, A, T, C. The specific chase solutions are given below. Each tube contains 0 5 ul «;x 

fo7 2 0'4 L C 1 • ° t U ' f v NTP 20 UM " EaCh Chase reacti0 " is incubat ^ « 37-C for 5 min 
polyacrylam.de sequencing gel as described above. 9 stan <tera 

fo Example 4: Replacement of dGTP with dITP tor DNA 

react. on ,s for 1-2 min., and/or at 20-C to reduce exonuclease degradation P ° lymerase - or the chase 
Modrfled T7 DNA polymerase efficiently utilizes dITP or deaza-GTP in place of dGTP dITP k 

substituted for dGTP in both the pu.se and chase mixes at a concentration two toTve times tla. a which 
20 dGTP ,s used. In the ddG chase mix ddGTP is still used (not ddlTP) 

The chase reactions using dITP are sensitive to the residual low levels (about 0.01 units) of exonuclease 

2™ ' Pr0blem * the Ch3Se reaction times should «* exceed 5 min whe oTTP * use^s 

recommended that the four dITP reactions be run in conjunction with, rather than to ti^e exc.usion of he 

. S7iSrip"r;r used ;*: number * re ~ :s - - 

can be used fo both^STO »™i h™ „ 386 miXeS ' wh,ch means 1,131 * e four ct ™e mixes 

at 0 5^M Id , 2 5 m 2 Z ?' T r f"* 8 ! re3Ct,0nS - (2) Adding a hi 9 h concentration of dGTP or dITP (2ul 
at 0.5 mM and 1-2.5 mM respect.vely) to the appropriate pulse mix. The two pulse mixes then each contain 
a low concentration of dCTP.dTTP and ro^SWATP a „ri * w.„h ™ * T I contain 
mr.Hif^o»i«„ w « ruiirana io bjaAFP. and a high concentration of ether dGTP or dITP This 

Deposits 

« a « Str H nS K3 K 8/pGP5 - 5/ P Trx - 2 - K38/pTrx-2 and M13 mGP1-2 have been deposited with the ATCC and 

Sn^^^-T "J ^ reSpeCt ' Vely - Th6Se deposits wer/made on UanZ^ 
Zbef"^ ' 5 ^ eP0S ' ,ed ,hS ATC °- ° n DeCember 4 ' 1987 - — — 8n3 the 

die blS^S^T'T aCkn0W ' ed9e ** ^Ponsibility to replace these cultures should they 

« ve^rs whicLvL 1 L, , T^' iSSU6d here0 "' 5 years after the ,ast «" * culture or Z 

Sni a ? h k . th8 J 0n9er - and its responsibility to notify the depository of the issuance of such a 

22* h ^ d6p0SitS Wi " b6 made irrevocab, y availab,e to the pub.ic. UntTL time 1 

tSSZT^ZE?,?** 10 ^ C ° mmiSSi0ner ° f PatentS - termfof Tc^R 



so Other Embodiments 
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Other embodiments are within the following claims 

procS^^dirnfT 0 ^ 6 ? ° NA f 0 ^"*"" of this which take advantage of their 

SS^'tS? i?h? T UC S!!f aCtVity ' inC ' Ude 4,16 direct enzymatic amplification of genomic DNA 
sTaS ^10^1?^ 0th8r P0,ymeraSeS " by S ^ 61 230 Scie - 1350 - '«* «* 

Referring to Rg. 6, enzymatic amplification of a specific DNA reaion entail* th« „c« „i „ • 
which annea, to opposite strands of a double stranded DNA ~Z^^^Zl^E% 
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20 



TZ^l } r denaturation, annealing, and DNA synthesis. Using this procedure it is possible 

to amplrfy a specie reg.on of human genomic DNA over 200.000 times. As a LmZ aene 

STZ Zr .TV™ ^ ,iV6, rath9r ,ha " the initial one P art in a This greKcite 

12 Z^ZT^'Z.^ of 9enomic DNA - For di39nostic uses - « cao ««- * * -IS 

Unlike Klenow fragment, where the amplification process is limited to fragments under two hundr fi d 
bnZ'protr'orTJT ^ S °° Uld in -jucl w'i h ^cSTSS 

ssssssi rSs r,r 9 r forma,ion of sin9,e dna) ^ th6 -«« :< 

=53^ 

p ro ^Lran^fort S, t ° f t SeqUendn9 ° NA USin9 *• M3Xam and Q»bert chemica. moSatn 

tength of tf» DNA. This ,s most efficiently done using a processive DNA polymerase Alternative v 
mutagenesis « performed by misincorporation during DNA synthesis (see ato^7aZJo^Tuss6 



Claims 



1. A method for determining the nucleotide base sequence of a DNA molecule, comprising the steos of 
molecZ " 9 m0leCU ' 6 ^ 3 Prim8r mM ab ' 9 10 ^StoVSS* 

incubating the annealed mixture with a DNA polymerase, except reverse transcriptase in tho 

srSi? isrr f r f eosid , e ,riphospha,es and a chain «<^™^ ^ 

nates una synthesis at a specific nucleotide base, wherein the concentration of all four doov 

^^s^^:r ° f - - - * - s n ynisi t f :rr e 

^ ^.XaseTxceot ItlZ \ ^ * *** mCMg primer is extended a DNA 
ShZhates 7SL onIT t ^ SCnptas ^ in «» P resence - one or more deoxynucleoside 
inpnospnates, at least one of said deoxynucleoside triphosphates being labelled. 

a £ Tttit i~J: 1 ° r , 2 Wherei " S6Parate P 0 * 0 " 8 0f •« are incubated 

^X^2T^ST2 T a ' n,n9 f ° Ur different deo ^ nucteotid ° triphosphates and a chain 
nu^ ^ DNA s vnthesis at a different specific 

4 ' iSS^dSSS 10 1 -.? herein ^ 3006316(1 miXtUre iS incubated with s * d DNA polymerase 
and four d.fferent deoxynucleoside triphosphates in a single vessel. 

5. A method according to claim 1 wherein the primer is labelled. 

6 ' Xtase aCCOrd,n9 l ° °' daimS 1 10 5 Wh6r6in "* DNA po 'V merase is a P™«*» ^A 

7. A method according to claim 6 wherein said DNA polymerase is a T7-ty P e DNA polymerase, 

a A method according to claim 7 wherein said T7-type DNA polymerase is T7 DNA polymerase. 
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9. A method according to any of claims 1 to 8 wherein said polymerase has a level of exonuclease 
Sled ' S SUtfident,y ' 0W l ° Permit ^ nUCle ° tide b3Se S6quence 0f the DNA -ote" let S 

s 10. A .method according to claim 9 wherein said DNA polymerase has less than 10% of the exonuclease 
actmty of the naturally associated level of exonuclease activity of said polymerase. exonuc,ease 

11. A method according to claim 10 wherein said DNA polymerase has less than 1% of the exonuclease 
achvrty of the naturally associated level of exonuclease activity of said polymerase. exonuclease 

12 - is^r^tar said DNA remains bound to said dna m ° iecu,e ,or 

« 13 ' i^S^^S^^ said po,ymerase remains bound 10 said DNA molecule ** - 
14 LZT^^Z^. 8 wherein said polymerase is substantially the same as - ~ 

20 15. A method according to claim 14 wherein said T7-ty P e phage is T7, T3. *l. «ll. W31, gh-1, Y, All 22 or 

m i:sr; to ■* of c,aims 1 to 15 wherein saw po,ymerase is * * i(ieoxy 

25 

t^^:^^^^ - ° NA >~ - - 500 units of 
30 * ^ ° NA P — ^ - - » -* of exonuclease 

19 - A ^ t S^£L^ " d DNA po,ymerase has ,ess than 1 unit °< ™ 

oe 20. A method according to claim 19 wherein said DNA polymerase has no detectable exonuclease activity. 

21 " T^STZe. "* ° f C ' aimS 1 10 20 Wherei " ^ ° NA iS ** * «*- * 

W IT 0 ' aCC ° fdin9 ! ° C ' aim 21 WHerein ^ P0 ' ymeraSe is ab,e 10 uti,i2e P rimers of 4 base pairs or 

23. A method according to any of claims 1 to 22 wherein said terminating agent is a dideoxynucleotide 
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FIGURE 2 



mps 

T7; 5840 Hindlll 




M13 
origin 
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FIGURE 3 

pACYC 1 77 T7 16869 
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FIGURE 4 
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FIGURE 5 
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FIGURE 6 



region to be 
ampuited 



primer 



5\ 
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primer 
B 



a o c 
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1 . Denature ONA 

2. Anneal primers 

3. ONA synthesis 



7 

abc 



B 



a o c 



abc 



1. Denature ONA 

2. Anneai orimers 

3. DNA synthesis 



a o c 



Previously synthesized strands 
now serve as templates. 



1 ? 

abc 



a'&'c' 



1. Oenature ONA 

2. Anneal primers 

3. ONA synthesis 



^3* 



Repeat cycle of denaturation. annealing, 
and DNA synthesis 16 more times. 



Region between two primers 
amplified 2 , or 1 .000.000 fold. 
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FIGURE 7 



10 


20 


30 


40 


50 


TTCTTCTCAT 


GTTTGACAGC 


TTATCATCGA 


CTGCACGGTG 


CACCAATGCT 


60 


70 


80 


90 


100 


TCTGGCGTCA 


GGCAGCCATC 


GGAAGCTGTG 


GTATGGCTGT 


GCAGGTCGTA 


110 


120 


130 


140 


150 


AATCACTGCA 


TAATTCGTGT 


CGCTCAAGGC 


GCACTCCCGT 


TCTGGATAAT 


160 


170 


180 


190 


200 


GTTTTTTGCG 


CCGACATCAT 


AACGGTTCTG 


GCAAATATTC 


TGAAATGAGC 


210 


220 


230 


240 


250 


TGTTGACAAT 


TAATCATCGG 


CTCGTATAAT 


GTGTGGAATT 


GTGAGCGG AT 


260 


270 


280 


290 


300 


AACAATTTCA 


CACAGGAAAC 


AGGGGATCCG 


TCAACCTTTA 


GTTGGTTAAT 


310 


320 


330 


340 


350 


GTTACACCAA 


CAACGAAACC 


AACACGCCAG 


GCTTATTCCT 


GTGGAGTTAT 


360 


370 


380 


390 


400 


ATATGAGCGA 


TAAAATTATT 


CACCTGACTG 


ACGACAGTTT 


TGACACGGAT 


410 


420 


430 


440 


450 


GTACTCAAAG 


CGGACGGGGC 


GATCCTCGTC 


GATTTCTGGG 


CAGAGTGG7G 


4 60 


470 


480 


490 


500 


CGG7CCGTGC 


AAGATGATCG 


CCCCGATTCT 


GGATGAAATC 


GCTGACGAAT 



29 



EP 0 516 245 A1 



FIGURE 7 (continued) 

510 520 530 540 550 

ATCAGGGCAA ACTGACCGTT GCAAAACTGA ACATCGATCA AAACCCTGGT 
560 570 580 590 600 

ACTGCGCCGA AATATGGCAT CCG7GGTATC CCGACTCTGC TGCTGTTCAA 
6X0 620 630 640 650 

AAACGGTGAA GTGGCGGCAA CCAAAGTGGG TGCACTGTCT AAAGGTCAGT 
660 670 680 690 700 

TGAAAGAGTT CCTCGACGCT AACC7GGCGT AAGGGAATTT CATGTTCGGG 
710 720 730 740 750 

TGCCCCGTCG CTAAAAACTG GACGCCCGGC GTGAGTCATG CTAACTTAGT 
7 60 770 780 790 800 

GTTGACGGAT CCCCGGGGAT CCGTCAACCT TTAGTTGGTT AATGTTACAC 
810 820 830 840 850 

CAACAACGAA ACCAACACGC CAGGCTTATT CCTGTGGAGT TATATATGAG 
860 870 880 890 900 

CGATAAAATT ATTCACCTGA CTGACGACAG TTTTGACACG GATG^ACTCA 
910 920 930 940 950 

AAGCGGACGG GGCGATCCTC GTCGATTTCT GGGCAGAGTG GTGCGGTCCG 
960 970 980 990 1000 

TGCAAGATGA TCGCCCCGAT . TCTGGATGAA ATCGCTGACG AATATCAGGG 
1010 1020 1030 1040 1050 

CAAACTGACC GTTGCAAAAC TGAACATCGA TCAAAACCCT GGTACTGCGC 
1060 1070 1080 1090 1100 

CGAAATATGG CATCCGTGGT ATCCCGACTC TGCTGCTGTT CAAAAACGG7 
1110 1120 1130 1140 1150 

GAAGTGGCGG CAACCAAAGT GGGTGCACTG TCTAAAGGTC AGTTGAAAGA 
1160 1170 1180 1190 1200 

GTTCCTCGAC GCTAACCTGG CGTAAGGGAA TTTCATGTTC GGGTGCC CCG 
1210 1220 1230 1240 1250 

TCGCTAAAAA CTGGACGCCC GGCGTGAGTC ATGCTAACTT AGTGTTGACG 
1260 1270 1280 1290 1300 

GATCCCCCTG CCTCGCGCGT TTCGGTGATG ACGGTGAAAA CCTCTGACAC 
1310 1320 1330 1340 1350 

ATGCAGCTCC CGGAGACGGT CACAGCTTGT CTGTAAGCGG ATGCCGGGAG 
1360 1370 1380 1390 1400 

CAGACAAGCC CGTCAGGGCG CGTCAGCGGG TGTTGGCGGG TGTCGGGGCG 
1410 1420 1430 1440 1450 

CAGCCATGAC CCAGTCACGT AGCGATAGCG GAGTGTATAC TGGCTTAACT 
1460 1470 1480 1490 1500 

ATGCGGCATC AGAGCAGATT GTACTGAGAG TGCACCATAT GCGGTGTGAA 
1510 1520 1530 1540 1550 

ATACCGCACA GATGCGTAAG GAGAAAATAC CGCATCAGGC GCTCTTCCGC 
"60 1570 1S80 1590 . 1600 

TTCCTCGCTC ACTGACTCGC TGCGCTCGGT CGTTCGGCTG CGGCGAGCGG 
1610 1620 1630 1640 1650 

TATCAGCTCA CTCAAAGGCG GTAATACGGT TATCCACAGA ATCAGGGGAT 
1660 1670 1680 1690 1700 

AACGCAGGAA AGAACATGTG AGCAAAAGGC CAGCAAAAGG CCAGGAACCG 
1710 1720 1730 1740 1750 

TAAAAAGGCC GCGTTGCTGG CGTTTTTCCA TAGGCTCCGC CCCCCTGACG 
1760 1770 1780 1790 1800 

AG CATC AC AA AAATCGACGC TCAAGTCAGA GGTGGCGAAA CCCGACAGGA 
1810 1820 1830 1840 1850 

CTATAAAGAT ACCAGGCGTT TCCCCCTGGA AGCTCCCTCG TGCGCTCTCC 
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FIGURE 7 (continued) 



1860 


1870 


1880 


1890 


1900 


TG7TCCGACC 


C7GCCGC77A 


CCGGATACCT 


GTCCGCCTTT 


CTCCCTTCGG 


1910 


1920 


1930 


1940 


1950 






TGCTCACGCT 


GTAGGTATCT 


CAGTTCGGTG 


1960 


1970 


1980 


1990 


2000 


TAGGTCGTTC 


GCTCCAAGCT 


GGGCTGTGTG 


CACGAACCCC 


CCGTTCAGCC 


2010 


2020 


2030 


2040 


2050 


CGACCGC7GC 


GCC77ATCCG 


GTAACTATCG 


TCTTGAGTCC 


AACCCGGTAA 


2060 


2070 


2080 


2090 


2100 


GACACGAC77 


ATCGCCACTG 


GCAGCAGCCA 


CTGGTAACAG 


GATTAGCAGA 


2110 


2120 


2130 


2140 


2150 


GCGAGGTATG 


TAGGCGGTGC 


TACAGAGTTC 


TTGAAGTGGT 


GGCC7AAC7A 


2160 


2170 


2180 


2190 


2200 


CGGC7ACAC7 


AGAAGGACAG 


TATTTGGTAT 


CTGCGCTCTG 


CTGAAGCCAG 


2210 


2220 


2230 


2240 


2250 


TTACCTTCGG 


AAAAAGAGTT 


GGTAGCTCTT 


GATCCGGCAA 


ACAAACCACC 


2260 


2270 


2280 


2290 


2300 


GCTGGTAGCG 


GTGGTTTTTT 


TGTTTGCAAG 


CAGCAGATTA 


CGCGCAGAAA 


2310 


2320 


2330 


2340 


2350 



AAAAGGATCT CAAGAAGATC CTTTGATCTT TTCTACGGGG 7C7GACGC7C 
2360 2370 2380 2390 2400 



AGTGGAACGA AAACTCACGT TAAGGGATTT TGGTCATGAG ATTATCAAAA 
2410 2420 2430 2440 2450 

AGGATCTTCA CCTAGATCCT TTTAAATTAA AAATGAAGTT TTAAATCAAT 
2460 2470 2480 2490 2500 

CTAAAGTATA TATGAGTAAA CTTGGTCTGA CAGTTACCAA TGCTTAATCA 
2510 2520 2530 2540 2550 

GTGAGGCACC TATCTCAGCG ATCTGTCTAT TTCGTTCATC CATAGTTGCC 
2560 2570 2580 . 2590 2600 

TGACTCCCCG TCGTGTAGAT AACTACGATA CGGGAGGGCT TACCATCTGG 
2610 2620 2630 2640 2650 

CCCCAGTGCT GCAATGATAC CGCGAGACCC ACGCTCACCG GCTCCAGATT 
2660 2670 2680 2690 2700 

TATCAGCAAT AAACCAGCCA GCCGGAAGGG CCGAGCGCAG AAG7GGTCCT 
2710 2720 2730 2740 2750 

GCAACTTTAT CCGCCTCCAT CCAGTCTATT AATTGTTGCC GGGAAGCTAG 
2760 2770 2780 2790 2800 

AGTAAGTAGT TCGCCAGTTA ATAGTTTGCG CAACG7TGTT GCCA7TGCTG 
2810 2820 2830 2840 2850 

CAGGCATCGT GG7GTCACGC TCGTCGTTTG GTATGGCTTC ATTCAGCTCC 
2860 2870 2880 2890 2900 

GGTTCCCAAC GATCAAGGCG AGTTACATGA TCCCCCATGT TGTGCAAAAA 
2910 2920 2930 2940 2950 

AGCGGTTAGC TCCTTCGGTC CTCCGATCGT TG7CAGAAGT AAG77GGCCG 
2960 2970 2980 2990 3000 

CAG7G77ATC AC7CA7GG7T A7GGCAGCAC 7GCA7AA77C 7C77AC7G7C 
3010 3020 3030 3040 3050 

A7GCCA7CCG 7AAGA7GC7T 7TC7G7GAC7 GG7GAG7AC7 CAACCAAG7C 
3060 3070 3080 3090 3100 

A77C7GAGAA 7AG7G7ATGC GGCGACCGAG TTGC7CT7GC CCGGCG7CAA 
3110 3120 3130 3140 3150 

CACGGGA7AA 7ACCGCGCCA CA7AGCAGAA C7T7AAAAG7 GC7CA7CAT7 
3160 3170 3180 3190 3200 

GGAAAACG77 C77CGGGGCG AAAAC7C7CA AGGA7C7TAC CGC7G7TGAG 
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FIGURE 7 (continued) 



3210 
ATCCAGTTCG 

3260 
TTACTTTCAC 

3310 
GCAAAAAAGG 

3360 
CCTTTTTCAA 

3410 
GATACATATT 

3460 
ACATTTCCCC 

3510 
GACATTAACC 



3220 
ATGTAACCCA 

3270 
CAGCGTTTCT 

3320 
GAATAAGGGC 

3370 
TATTATTGAA 

3420 
TGAATGTATT 

3470 
GAAAAG7GCC 

3520 
TATAAAAATA 



3230 
CTCGTGCACC 

3280 
GGG7GAGCAA 

3330 
GACACGGAAA 

3380 
GCATTTATCA 

3430 
TAGAAAAATA 

3480 
ACCTGACGTC 

3530 
GGCGTATCAC 



3240 
CAACTGATCT 

3290 
AAACAGGAAG 

3340 
TGTTGAATAC 

3390 
GGGTTATTGT 

3440 
AACAAATAGG 

3490 
TAAGAAACCA 

3540 
GAGGCCCTTT 



3250 
TCAGCATCT7 

3300 
GCAAAATGCC 

3350 
TCATACTCTT 

3400 
CTCATGAGCG 

3450 
GGTTCCGCGC 

3500 
TTATTATCAT 

3550 
CGTCTTCAAG 



AA 
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FIGURE 8 



10 20 30 40 50 

G77GACACA7 A7GAG7C77G TGATGTACTG GCTGATTTCT ACGACCAG7T 
60 70 80 90 100 

CGCTGACCAG TTGCACGAGT CTCAATTGGA CAAAATGCCA GCAC77CCGG 

HO 120 130 140 150 

CTAAAGGTAA CTTGAACCTC CGTGACATCT TAGAGTCGGA C77CGCG77C 

160 170 180 190 200 

GCGTAACGCC AAATCAATAC GACTCACTAT AGAGGGACAA ACTCAAGGTC 

210 220 230 240 250 

ATTCGCAAGA GTGGCCTTTA TGATTGACCT TCTTCCGGTT AATACGACTC 

260 270 280 290 300 

ACTATAGGAG AACCTTAAGG TTTAACTTTA AGACCCTTAA GTGTTAATTA 

310 320 330 340 350 

GAGATTTAAA TTAAAGAATT ACTAAGAGAG GAC7T7AAG7 ATGCGTAACT 

360 370 380 390 400 

TCGAAAAGAT GACCAAACGT TCTAACCGTA ATGCTCGTGA CTTCGAGGCA 

410 420 430 440 450 

ACCAAAGGTC GCAAGTTGAA TAAGACTAAG CGTGACCGCT CTCACAAGCG 

460 470 480 490 500 

TAGCTGGGAG GGTCAG7AAG ATGGGACGTT TATATAGTGG TAATCTGGCA 

510 520 530 540 550 

CCGGATCCGG TATGAAGAGA TTGTTAAGTC ACGATAATCA ATAGGAGAAA 

560 570 580 590 600 

TCAATATGAT CG777C7GAC ATCGAAGC7A ACGCCCTCTT AGAGAGCG7C 
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FIGURE 8 (continued) 

610 620 630 640 650 

ACTAAGTTCC ACTGCGGGGT TATCTACGAC TACTCCACCG CTGAGTACG7 
660 670 680 690 700 

AAGCTACCGT CCGAGTGACT TCGGTGCG7A TCTGGATGCG CTGGAAGCCG 
710 720 730 7 4 o 75Q 

AGG7TGCACG AGGCGGTCTT ATTGTGTTCC ACAACGGTCA CAAGTATGAC 
760 770 780 790 800 

GTTCCTGCAT TGACCAAACT GGCAAAGTTG CAATTGAACC GAGAGTTCCA 
810 820 330 840 8S0 

CCTTCCTCGT GAGAACTGTA TTGACACCCT TGTGTTGTCA CGTTTGATTC 
860 8? 0 88 0 890 900 

ATTCCAACCT CAAGGACACC GATATGGGTC TTCTGCGTTC CGGCAAGTTG 
910 920 930 940 950 

CCCGGAAAAC GCTTTGGGTC TCACGCTTTG GAGGCGTGGG GTTATCGCTT 
960 970 980 990 1000 

AGGCGAGATG AAGGGTGAAT ACAAAGACGA CTTTAAGCGT ATGCTTGAAG 
1010 1020 1030 1040 1050 

AGCAGGGTGA AGAATACGTT GACGGAATGG AGTGGTGGAA CTTCAACGAA 
1060 1070 1080 1090 1100 

GAGATGATGG AC7A7AACG7 TCAGGACGTT GTGGTAACTA AAGCTCTCCT 
1110 1120 1130 1140 1150 

TGAGAAGCTA CTCTCTGACA AACATTACTT CCCTCCTGAG ATTGACTTTA 
1160 1170 1180 1190 1200 

CGGACGTAGG ATACACTACG TTCTGGTCAG AATCCCTTGA GGCCGTTGAC 
1210 1220 1230 1240 1250 

ATTGAACATC GTGCTGCATG GCTGCTCGCT AAACAAGAGC GCAACGGG7? 

1260 1270 12B0 1290 1300 

CCCGTTTGAC ACAAAAGCAA TCGAAGAGTT GTACGTAGAG TTAGCTGCTC 
1310 1320 1330 . 13-40 1350 

GCCGCTCTGA GTTGCTCCGT AAATTGACCG AAACGTTCGG CTCGTGGTAT 
1360 1370 1380 1390 1400 

CAGCCTAAAG GTGGCACTGA GATGTTCTGC CATCCGCGAA CAGGTAAGCC 
1410 1420 1430 1440 1450 

ACTACCTAAA TACCCTCGCA TTAAGACACC TAAAGTTGGT GGTATCTTTA 
1460 1470 1480 1490 1500 

AGAAGCCTAA GAACAAGGCA CAGCGAGAAG GCCGTGAGCC TTGCGAACTT 
1510 1S20 1530 1540 1550 

GATACCCGCG AGTACGTTGC TGGTGCTCCT TACACCCCAG TTGAACATGT 
1560 1570 1580 1590 1600 

TGTGTTTAAC CCTTCGTCTC . GTGACCACAT TCAGAAGAAA CTCCAAGAGG 
1610 1620 1630 1640 lfiso 

CTGGGTGGGT CCCGACCAAG TACACCGATA AGGGTGCTCC TGTGGTGGAC 
1660 1670 1680 1690 1700 

GATGAGGTAC TCGAAGGAGT ACGTGTAGAT GACCCTGAGA AGCAAGCCGC 
1710 1720 1730 1740 1750 

TATCGACCTC ATTAAAGAGT ACTTGATGAT TCAGAAGCGA ATCGGACAGT 
1760 1770 1780 1790 ifloo 

CTGC7GAGGG AGACAAAGCA TGGCTTCGTT ATGTTGCTGA GGATGGTAAG 
1810 1820 1830 1840 1850 

ATTCATGGTT CTGTTAACCC TAATGGAGCA GTTACGGGTC GTGCGACCCA 
1360 1870 1880 1890 1900 

TGCGTTCCCA AACCTTGCGC AAATTCCGGG TGTACGTTCT CCTTATGGAG 
1910 1920 1930 1940 1950 

AGCAG7GTCG CGCTGCTTTT GGCGCTGAGC ACCATTTGGA TGGGATAACT 
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FIGURE 8 (continued) 

1960 1970 1980 1990 200C 

GGTAAGCCTT GGG7TCAGGC TGGCATCGAC GCATCCGGTC TTGAGCTACG 
2010 2020 2030 2040 2050 

CTGCTTGGCT CAC77CATGG CTCGCTTTGA TAACGGCGAG TACGCTCACG 
2060 2070 2080 2090 2100 

AGATTCTTAA CGGCGACATC CACACTAAGA ACCAGATAGC TGCTGAAC7A 
2110 2120 2130 2140 2150 

CCTACCCGAG ATAACGCTAA GACGTTCATC TATGGGTTCC 7CTATGG7GC 
2160 2170 2180 2190 2200 

TGGTGATGAG AAGATTGGAC AGATTGTTGG TGCTGGTAAA GAGCGCGGTA 
2210 2220 2230 2240 2250 

AGGAACTCAA GAAGAAATTC CTTGAGAACA CCCCCGCGAT TGCAGCACTC 



2260 


2270 


2280 


2290 


2300 


CGCGAGTCTA 


7CCAACAGAC 


ACTTG7CGAG 


TCCTCTCAA7 


GGG7AGC7GG 


2310 


2320 


2330 


2340 


2350 


TGAGCAACAA 


G7CAAGTGGA 


AACGCCGCTG 


GAT7AAAGG7 


CTGGATGGTC 


2360 


2370 


2380 


23 90 


2400 


GTAAGGTACA 


CG77CG7AG7 


CCTCACGCTG 


CC77GAATAC 


CC7AC7GCAA 


2410 


2420 


2430 


2440 


2450 


TCTGCTGG7G 


C7C7CATC7G 


CAAAC7G7GG 


ATTATCAAGA 


CCGAAGAGAT 


2460 


2470 


2480 


2490 


2500 


GCTCGTAGAG 


AAAGGCTTGA 


AGCATGGCTG 


GGA7GGGGAC 


TTTGCGTACA 


2510 


2520 


2530 


2540 


2550 


TGGCATGGG7 


ACA7GA7GAA 


ATCCAAG7AG 


GCTGCCG7AC 


CGAAGAGATT 


2560 


2570 


2580 


2590 


2600 


GC7CAGG7GG 


7CA77GAGAC 


CGCACAAGAA 


GCGATGCGCT 


GGG7TGGAGA 


2610 


2620 


2630 


2640 


2650 


CCAC7GGAAC 


77CCGGTGTC 


TTCTGGATAC 


CGAAGGTAAG 


ATGGGTCC7A 


2660 


2670 


2680 


2690 


2700 


A77GGGCGA7 


7TGCCAC7GA 


TACAGGAGGC 


TAC7CATGAA 


CGAAAGACAC 


2710 


2720 


2730 


2740 


2750 


77AACAGG7G 


C7GC77C7GA 


AATGCTAGTA 


GCC7ACAAAT 


T7ACCAAAGC 


2760 


2770 


2780 


2790 


, 2800 


TGGG7ACAC7 


G7C7ATTACC 


C7ATGC7GAC 


TCAGAGTAAA 


GAGGACTTGG 


2810 


2820 


2830 


2840 


2850 


77G7A7G7AA 


GG AT GG7 AAA 


TTTAG7AAGG 


TTCAGGTTAA 


AACAGCCACA 


2860 


2870 


2880 


2890 


2900 


ACGGTTCAAA 


CCAACACAGG 


AGATGCCAAG 


CAGG77AGGC 


7AGGTGGATG 


2910 


2920 


2930 


2940 


2950 


CGG7AGGTCC 


GAATATAAGG 


ATGGAGAC7T 


TGACATTCTT 


GCGGTTG7GG 


2960 


2970 


2980 


2990 


3000 


T7GACGAAGA 


TG7GCTTAT7 


TTCACATGGG 


ACGAAG7AAA 


AGG7AAGACA 


3010 


3020 


3030 


3040 


3050 


TCCA7GTG7G 


TCGGCAAGAG 


AAACAAAGGC 


ATAAAACTAT 


AGGAGAAAT7 


3060 


3070 


3080 




A77A7GGC7A 


7GACAAAGAA 


AT7TCCGGA7 


C 
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FIGURE 9 
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TAAAACATGT 


210 


220 


230 
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250 


TGAGCTACAG 


CACCAGATTC 


AGCAATTAAG 


CTCTAAGCCA 


TCCGCAAAAA 


2 60 


270 


280 


290 


300 


TGACCTCTTA 


TCAAAAGGAG 


CAATTAAAGG 


TACTCTCTAA 


TCCTGACCTG 


310 


320 


330 


340 


350 


TTGGAGTTTG 


CTTCCGGTCT 


GGTTCGCTTT 


GAAGCTCGAA 


TTAAAACGCG 


3 60 


370 


380 


390 


4C0 


ATATTTGAAG 


TCTTTCGGGC 


TTCCTCTTAA 


TCTTTTTGAT 


GCAATCCGCT 


410 


420 


430 


440 


450 


TTGCTTC7GA 


CTATAATAGT 


CAGGGTAAAG 


ACCTGATTTT 


TGATT7ATGG 


4 60 


470 


480 


4 90 


500 


TCATTCTCGT 


TTTCTGAACT 


GTTTAAAGCA 


TTTGAGGGGG 


ATTCAATGAA 


510 


520 


530 


540 


550 


TATTTATGAC 


GATTCCGCAG 


TATTGGACGC 


TATCCAGTCT 


AAACATTTTA 


560 


570 


580 


590 


600 


CTATTACCCC 


CTCTGGCAAA 


ACTTCTTTTG 


CAAAAGCCTC 


TCGCTATTTT 


610 


620 


630 


640 


650 


GGTTTTTATC 


GTCGTCTGGT 


AAACGAGGG7 


TATGATAGTG 


TTGCTCTTAC 


660 


670 


680 


690 


700 


TATGCCTCGT 


AATTCCTTTT 


GGCGTTATGT 


ATCTGCATTA 


GTTGAATGTq 


710 


720 


730 


740 


750 


GTATTCCTAA ATCTCAACTG 


AXGAATCTTT 


CTACCTGTAA 


TAATGTTG7T 


760 


770 


780 


790 


800 


CCGTTAGTTC 


GTTTTATTAA 


CGTAGATTTT 


TCTTCCCAAC 


GTCCTGACTG 


810 


820 


830 


840 


850 


GTA7AATGAG 


CCAGTTCTTA AAATCGCATA AGGTAATTCA 


CAATGATTAA 


860 


870 


880 


890 


900 
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FIGURE 9 (continued) 



AGTTGAAATT AAACCATCTC AAGCCCAATT TACTACTCGT TCTGGTGGTT 
CTCGTCAGGG CAAGCCTTAT TCACTGaItG AGCAGCT^G TTACGTTGA? 
TTGGGTAATG AATATCCGGT TC7TGTCAAG ATTACTCtIS ATGAAgS 
CCCAGCCJAJ GCGCC*GG,C TGT ACA TCATCT £? 
TTGGTCAGTT CGGTTCCCTT ATGATTGACC «C«c£S CGTTCCGG?; 
AAGTAACATG GAGCAGGTCG CGGATTTCGA WOATwi? CAGGCGATGA 

TACAAATCTC CGTTGTACTT TGTTTCGCGC TTGGTATAAT CGCTCGGGG? 

1220 1230 1240 17 e n 

CAAAGATGAG TGTTTTAGTG TATTCTTTCG CCTCTTTCGT TTTAGGTTGG 

1270 1280 1290 nnn 

TGCCTTCGTA GTGGCATTAC GTATTTTACC CGTTTAATGC AAACTTCCTC 
U 1j20 1330 1340 ncn 

ATGAAAAAGT CTTTAGTCCT CAAAGCCTCT GTAGCCGTTG CTACCCTCG? 

1360 1370 1380 ITQO 

TCCGATGCTG TCTTTCGCTG CTGAGGGTGA CGATCCCGCA AAAGCGGCCT 

1^20 1430 1440 i *ert 

TTAACTCCCT GCAAGCCTCA GCGACCGAAT ATATCGGTTA TGCGTGGGCG 
1460 1470 1480 1490 i qnn 

ATGGTTGTTG TCATTGTCGG CGCAACTATC GGTATCAAGC TGTTTAAGAA 

"20 1530 1540 i«;^n 

ATTCACCTCG AAAGCAAGCT GATAAACCGA TACAATTAAA GGCTCCTTTT 
1560 1570 1580 1590 1 cnn 

GGAGCCTTTT TTTTTGGAGA TTTTCAACGT GAAAAAATTA TTATTCGCAA 
1610 1620 1630 1640 lfisn 

TTCCTTTAGT TGTTCCTTTC TATTCTCACT CCGCTGAAAC TGTTGAAAGT 
1660 1670 1680 . 1690 nnn 

TG7TTAGCAA AACCCCATAC AGAAAATTCA TTTACTAACG TCTGGAAAGA 
1710 1720 1730 1740 17SO 

CGACAAAACT TTAGATCGTT ACGCTAACTA TGAGGGTTGT CTGTGGAATG 
1? 60 1770 1780 1790 laon 

CTACAGGCGT TGTAGTTTGT ACTGGTGACG AAACTCAGTG TTACGGTACA 

„ 1810 1820 1830 1840 ia«n 

TGGGTTCCTA TTGGGCTTGC TATCCCTGAA AATGAGGGTG GTGGCt"gA 
iaeo 1870 1880 1890 iqoo 

GGGTGGCGGT TCTGAGGGTG GCGGTTCTGA GGGTGGCGGT ACTAAACct2 

i°20 1930 1940 i oen 

CT=™ *™cr WAOT „„ OACCcf 

GACGGCJCTT ATCCGCCTGG TACTC^ ^CCOSCTJ ATCCTAATCC 

TTCTCTTGAG CASTCTCJCC CTc™ TTTCATGTTT 

GGTTCCGAAA taggcagggg gcattaactg tttatacggg cactgttact " 
2110 2120 2130 2140 2i«?n 

CAAGGCACTG ACCCCGTTAA AACTTATTAC CAGTACACTC CTGTATCATC 
2160 2170 2180 2190 2200 

AAAAGCCATG TATGACGCTT ACTGGAACGG TAAATTCAGA GACTGCGCTT 
2210 2220 2230 2240 2250 
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FIGURE 9 (continued) 



TCCATTCTGG CTTTAATGAA GATCCATTCG TTTGTGAATA TCAAGGCCAA 
2260 2270 2280 2290 2300 

TCGTCTGACC TGCCTCAACC TCCTGTCAAT GCTGGCGGCG GCTCTGGTGG 
2310 2320 2330 2340 ?-\*n 

TGGTTCTGGT GGCGGCTCTG AGGGTGGTGG CTCTGAGGGT GGCGGTTCTG 
2-360 2370 2380 2390 ?An/\ 

AGGGTGGCGG CTCTGAGGGA GGCGGTTCCG GTGGTGGCTC TGGTTCCGC? 

2420 2430 2440 -?d<;n 

GATTTTGATT ATGAAAAGAT GGCAAACGCT AATAAGGGGG CTATGACCGA 
^4oQ 2470 2480 2490 ocnn 

AAATGCCGAT GAAAACGCGC TACAGTCTGA CGCTAAAGGC AAACTTGATT 

2520 2530 2540 

CTGTCGCTAC TGATTACGGT GCTGCTATCG ATGGTTTCAT TGGTGACGTT 

2570 2580 2590 5finn 

TCCGGCCTTG CTAATGGTAA TGGTGCTACT GGTGATTTTG CTGGCTCtS! 

2510 2620 2630 2640 ->&*c\ 

TTCCCA ^In GCTCAA STCG GTGACGGTGA TAATTCACCT TTAATGAATA 
Zfc&O 2670 2680 2690 97nn 

ATTTCCGTCA ATATTTACCT TCCCTCCCTC AATCGGTTGA ATGTCGCCCT 
2710 2720 2730 2740 ?7sn 

TTTGTCTTTA GCGCTGGTAA ACCATATGAA TTTTCTATTG AXTGTGACAA 

2770 2780 2790 2800 

AATAAACTTA TTCCGTGGTG TCTTTGCGTT TCTTTTATAT GTTGCCACCT 
2810 2820 2830 2840 9B«sn 

TTATGTATGT ATTTTCTACG TTTGCTAACA TACTGCGTAA TAAGGAGTCT 
^ 86 ° 2870 2880 2890 2900 

TAATCATGCC AGTTCTTTTG GGTATTCCGT TATTATTGCG TTTCCTCGGT 
-m~~ 910 2920 2930 2940 2950 

TTCCTTCTGG TAACTTTGTT CGGCTATCTG CTTACTTTTC TTAAAAAGGG 
^yoo 2970 2980 . 2990 lonn 

CTTCGGTAAG ATAGCTATTG CTATTTCATT GTTTCTTGCT CTTATTATTG 

3010 3020 3030 3040 

GGCTTAACTC AATTCTTGTG GGTTATCTCT CTGATATTAG CGCTCaISa 
JU&Q 3070 . 3080 3090 *nnn 

CCCTCTGACT ttgttcaggg tgttcagtta attctcccgt ctaatgcgct 

3110 3120 3130 3140 vn;n 

TCCCTGTTTT TATGTTATTC TCTCTGTAAA GGCTGCTATT TTCATTTTTG 
3160 3170 3180 3190 ^onn 

ACGTTAAACA AAAAATCGTT TCTTATTTGG ATTGGGATAA ATAATATGgS 

J^xu 3220 3230 3240 *o«n 

TGTTTATTTT GTAACTGGCA AATTAGGCTC TGGAAAGACG CTCGTTAGCG 

3270 3280 3290 

TTGGTAAGAT TCAGGATAAA ATTGTAGCTG GGTGCAAAAT AGCAACTAa"? 



3310 3320 3330 3340 

CTTGATTTAA GGCTTCAAAA CCTCCCGCAA GTC6GGAGGT TCGCTAaII? 

J j /U 3380 *?iQn ,. rtn 

GCCTCGCGTT CTTAGAATAC CGGATAAGCC TTCTATATCT GATTTGCTTG 
u J420 3430 3440 -*A*n 

CTATTGGGCG CGGTAATGAT TCCTACGATG AAAATAAAAA CGGCTTGcS 
J460 3470 3480 3490 -»c ftn 

GTTCTCGATG AGTGCGGTAC TTGGTTTAAT ACCCGTTCTT GGAATGATAA 
J310 352u 3530 3540 i**n 

GGAAACACAG CCGATTATTG ATVGGTTTCT ACATGCTCGT AAATTAGTAT 
3560 3570 3580 3 590 3600 
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FIGURE 9 (continued) 



GGGATATTAT TTTTCTTGTT CAGGACTTAT CTATTGTTGA TAAACAGGCG 



3610 



3620 



3630 



3640 



3650 



CGTTCTGCAT TAGCTGAACA TGTTGTTTAT TGTCGTCGTC TGGACAGAAT 



3660 



3670 



3680 



3690 



3700 



TACTTTACCT TTTGTCGGTA CTTTATATTC TCTTATTACT GGCTCGAAAA 



3710 



3720 



3730 



3740 



TGCC7CTGCC TAAATTACAT GTTGGCGTTG TTAAATATGG CGATTCTCAA 



3760 



3770 



3780 



3790 



TTAAGCCCTA CTGTTGAGCG TTGGCTTTAT ACTGGTAAGA ATTTGTATAA 



3810 



3820 



3830 3840 3850 

CGCATATGAT ACTAAACAGG CTTTTTCTAG TAATTATGAT TCCGGTGTTT 
3860 3870 3880 3890 3900 

ATTCTTATTT AACGCCTTAT TTATCACACG GTCGGTATTT CAAACCATTA 
3910 3920 3930 3940 39S0 

AATTTAGGTC AGAAGATGAA ATTAACTAAA ATATATTTGA AAAAGTTTTC 
3960 " 



3970 



3980 



3990 



4000 



TCGCGTTCTT TGTCTTGCGA TTGGATTTGC ATCAGCATTT ACATATAGTT 
4010 ***** 



4020 



4030 



4040 



ATATAACCCA ACCTAAGCCG GAGGTTAAAA AGGTAGTCTC TCAGACCTAT 



4060 



4070 



4080 4090 4100 

GATTTTGATA AATTCACTAT TGACTCTTCT CAGCGTCTTA ATCTAAGCTA 
4110 4120 4130 4140 4150 

TCGCTATGTT TTCAAGGATT CTAAGGGAAA ATTAATTAAT AGCGACGATT 
4160 4170 4180 4190 4200 

TACAGAAGCA AGGTTATTCA CTCACATATA TTGATTTATG TACTGTTTCC 



4210 



4220 



4230 



4240 



4250 



ATTAAAAAAG GTAATTCAAA TGAAATTGTT AAATGTAATT AATTTTGTTT 



4260 



4270 



4280 



4290 



4300 



TC7TGATGTT TGTTTCATCA TCTTCTTTTG CTCAGGTAAT TGAAATGAAT 



4310 



4320 



4330 



4340 



4350 



AATTCGCCTC TGCGCGATTT TGTAACTTGG TATTCAAAGC AATCAGGCGA 



4360 



4370 



4380 



4390 



4400 



ATCCGTTATT GTTTCTCCCG ATGTAAAAGG TACTGXTACT GTATATTCAT 



4410 



4420 



4430 



4440 



- - — w itiw 4450 

CTGACGTTAA AC7TGAAAAT CTACGCAATT TCTTTATTTC TGTTTTACGT 



4460 



4470 



4480 



4490 



GCTAATAATT TTGATATGGT TGGTTCAATT CCTTCCATAA TTCAGAAGTA 



4510 



4520 



4530 



4540 



TAATCCAAAC AATCAGGTAT ATATTGATGA ATTGCCATCA TCTGATAATC 



4560 



4570 



4580 



4590 



AGGAATATGA TGATAATTCC GCTCCTTCTG GTGGTTTCTT TGTTCCGCAA 



4610 



4620 



4630 



4640 



AATGATAATG TTACTCAAAC TTTTAAAATT AATAACGTTC GGGCAAAGGA 



4660 4670 4680 4690 4700 

TTTAATACGA GTTGTCGAAT TGTTTGTAAA GTCTAATACT TCTAAATCCt 
4710 4720 4730 4740 4750 

CAAATGTATT ATCTATTGAC GGCTCTAATC TATTAGTTGT TAGTGCACC^ 
4760 4770 4780 4790 4800 

AAAGATATTT TAGATAACCT TCCTCAATTC CTTTCTACTG TTGATTTGCC 
4810 4820 4830 4840 4850 

AACTGACCAG ATATTGATTG AGGGTTTGAT ATTTGAGGTT CAGCAAGGTG 
"60 4870 4880 4890 4900 

ATGCTTTAGA TTTTTCATTT GCTGCTGGCT CTCAGCGTGG CACTGTTGCA 
4910 4920 4930 4940 4950 
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FIGURE 9 (continued) 
GCCGSTGTTA ATACTGACCG CCTCACCTCT sir™ CTGCTGGTGG 
TTCGTTCGGT ATTTTTAATG GC6ATGTTTT AGCGCT^ GTTCGCcS 
TAAAGACTAA TAGCCATTCA AAAATATTGT CTGTGcIacg TATTCriS 
CTTTCAGGTC AGAAGGGTTC TATCTCTGTT GGCCAGAATG WCrrSg 



5U0 5120 ITU ~^~!fi5 TCCCTTTTAT 

TACTGGTCGT CT GACT=GTG ^^=0 

j*90 5200 
JTTTT TCCTGTTGCa 
5240 5250 
^AAGG CCGATAGTT7 

GAGTTCTTCT ACTCAGGCAA GTGATgSat tactAaMaa AGAAGTA^G 



5160 S170 5180 sign 

MB TCAAAATGTA GGTATTTCCA TCAGCCrS TCCTGTtIca 

ATGGCTGGCG GTAATATTGT TCTGCATATT ACCAGC^ CCGATaIS? 



CTACAACGGT TAATTTGCGT GATCGACAGA CTCTTtS? CGGTGGCCTC 
ACTGATTJIA AAAACACTTC TCAAGATTCT GGCGTaSg'? TCCTGTCT« 
AATCCCTTTJ ATCGGCCTCC TGTTTAGCTC CCGCTcl^? TCCAACGaIg' 
AAAGCACGTT ATACGTGCTC GTCAAAGCAJ CCATAG^ C0CCCI »°2 

ccgggcatta agcgcggcgg gtgtggiggt iacgcgcIgc GIGACCGCTA 

C.CTXGCCAG CGCCCTAGCG CCCGCTCCTT TCGCTt|? CCCTTCcS 
CTCGCCACGT TCCCCGGCTJ TCCCCCTCAA GCTCTAi| G GGGGcl|c° 
TITAGGGTTC CGATTTAGTG CTTTACGGCA CCTCGAC^C AAAAAaSg 
ATTTGGGTGA TGGTTCACGT AGTGGGCCAT CGCCCtSa GACGGTTTTT 
CGCCCTTTGA CGTTGGAGTC CACGTTCTTT AATAGT^ TCTTGT^ 
AACTCGAACJ ACACXCAACC CTATCTCGGG CTATTcS! GATTTATAAG 
GGATTTTGCC GATTTCGGAA CCACCATCAA ACAGGaS? CGCCTG^ 



GGCAAACCAG CCTGGACCGC TTGCTGCAAC TCTCttS CCAGGC^ 

AAGGGCAJTC AGCTGTTGCC CGTCTCGCTG GTCAAaISJ AAACCaS 

ACCG CCTCTCCCCG CGCGTTGGCC 
6070 6080 609C 

GGTT TCCCGACTGG AAAGCGGGC? 
6120 6130 614C 

TACC TCACTCATTA GGCACCCCAC 
6170 6180 6190 

TATG TTGTGTGGAA TTGTGAGCGfi, 
6210 6220 6230 65 dn rtArtAWWiAiA ' 

CACACAGGAA ACAGCTATGA CCATGATTAC GAATTCGAGC TCGCCc|| 



^"■"ss """tsi ccictc So c s 

TCCAGCTGGC ACGACAGGTT TCCCGACTGG AAAGCG^ GTCAGclcAA 
CGCAATTAAT GTGAGTTACC TCACTCATTA GGCACCCCA? GCTTTaSct' 
TTATGCTTCC GGCTCGTATG TTGTGTGGAA TTGTGAGCGG ATAACAATTT 
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FIGURE 9 (continued) 
ATCTGCCTGA ATAGGTACGA TTTACTAACT GGAAGAGGCA CTAAATGAAC 
ACGATTAACJ TCGCTAAGAA CGACTTCICT GACATcSa? TGGCTGCtIt' 
CCCGTTCAAC ACTCTGGCTG ACCATTACGG TGAGCGTTTA 



AGTTCGCCCT TGAGCATGAG TCTTACOAGA TGGG7GAAGC ACGCTTCCGC 
AAGATGTTTG AGCGTCAACX TAAAGCTGGT GAGGTTGCGG ATAACgS| 



CGCCAAGCCT CTCATCACTA CCCTACTCCC ™„SS GCACGCA^A 
£5! ^,„,5"? «?80 6S90 6600 



ACGACIGGTT ica=g«gtg aaagctaagc gcggcaagcI cccgacS 

0OAU fi 620 6630 6640 

AAAT CAAGCCGGAA GCCGTAGCGT 
6670 6680 6690 

TGCC TAACCAGTGC TGACAATACA 
6720 6730 6740 



TTCCAGTTCC TGCAAGAAAT CAAGCCGGAA GCCCTaI£t ACATCAcS? 
TAAGACCACT CTGGCTTGCC TAACCAGTGC TGACAaS ACCGTTCAGG 



CTGTAGCAAG CGCAATCCGT CGGGCCATTG AGGACGAG^ TCGCTtS? 
CGTATCCGTG ACCTTGAAGC TAAGCACTTC AAGAAaLcg TTGAGgSc'a 

"""SK eraa 5gS «»»eSS atgcaagttg 



5970 gflan * * * «A«uAAviAiu 

tcgaggctga catgctctcj aagsgtctac tcggtggcIa ggcgtgg'tct 
tcgtggcata aggaagacxc tattcatgja gcagtac|? ccatc=|S 

GCTCATTGAG TCAACCGGAA TOGTTAGCTT ACACCGCcIa AATGCTGGc'g 

u 7020 7030 7040 7oe n 

TAGTAGGTCA AGACTCTGAG ACTATCGAAC TCGCACCTGA ATACGCTgIg 
'UOO 7070 7080 7090 n^nn 

gctatcgcaa cccgtgcagg tgcgctggct ggcatctctc CGATGT.S 

ACCTTGCGTA GTTCCTCCTA AGCCGTG^12 TGGCATTACT GGTGGTGGC7 

ATTGGGCTAA CGG7CGTCGT CCTCTGGCGC TGGTGCGTAC TCAOcSE 

AAAGCACTGA TGCGCTACGA AGACGTTTAC ATGCCTGAGG TGTACaIIg2 

GATTAACATT GCGCAAAACA CCGCATGGAA AATCAACAAG AAAGTCCTA^ 
' J*u 7320 7330 7340 -»-ac/\ 

CCGTCGCCAA CGTAATCACC AAGTGGAAGC ATTGTCCGGT CGAGGACATC 

CCTGCGATTG AGCGTGAAGA ACTCCCGATG AAACCGG^ AC„ CGac °? 

GAATCCTGAG GCTCTCACCG CGTGGAAACG TGCTGCCgS GCTGTGTAC? 

GCAAGGACAA GGCTCGCAAG TCTCGCCGTA TCAGCCTTgS GTTCAt||? 

GAGCAAGCCA ATAAGTTTGC TAACCATMG GCCATCTGGT TCCCXTAcIa 

7570 7580 7590 7cn n 

CATGGACTGG CGCGGTCGTG TTTACGCTGT GTCAATGTTC AACCCGC^G 
7610 7620 7630 7 640 7650 
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FIGURE 9 (continued) 
GTAACGATAT OCCMMCA CT«TTAC=C TGGCGAAAGG TAAACCAATC 
GGTAAGGAAG GTTACTACTG GCTGAAAATC CACGGTGCAA ACTGTgSg 
TGTCGATAAG GTTCCGTTCC CTGAGCGCAT CAAGTTCaS GAGGA*^ 

* ea ~SS ""^S CiCTGG ^ 

gctgagcaag attctgcgtt ci ^ ttgagtacgc 

ACAG CACCACGGCC TGAGCTATAA CTGCTCCCTT 
Z2" Z!?° ___ 7 »30 7940 



TGGGGTACAG CACCACGGCC TGAGCTATAA CTGCTCc"? CCGCTGGCG? 
TTGACGGGTC TTGCTCTGGC ATCCAGCACT TCTCCGcIa? cnccJSS 



7970 70fln WW * > * L w^Auw«AUhi 

oaggtaggtg gtcgcgcgg, taacttgctt cciast ^ ccotc «oo 

ewn sss ——-al "HE 

caatcaatgg gaccgataac gaagtagttj ccgtgaS igasas »S? 

-™»KS "—SS -"gg *HSS TGGCTGG ™ 



atggctggct tacggtgtta ctcgcagtgt gactaagcg 5 ? tcagicS 

CGCXGGCTTA GGGGXCCAAA GAGTTCGGCT «c«2S AGTGOTGGAA 
GATACCATTC AGCCAGCTAT TGATTCCGGC AAGGGT^ «gS 
GCCGAATCAG GCTGCTGGAT ACATGGCTAA GCTGAt£g GAATCT^A 
GCG7GACGGT GGTAGCTGCG GXTGAAGCAA TGAACTGGCT TAAGTCTGCT 
GCTAAGCTGC TGGCTGCTGA GGICAAAGAT AAGAAGACTG GAGAGA.TTCT 
TCGCAAGCGT TGCGCTGTGC ATTGGGTAAC TCCIGATGGT TTCCCTGTG7 



3460 8470 . 8480 

GCGT TGCGCTGTGC ATTGGGTAAC . 

"ISIS """gS «««g «™»gj GATGTTCCTC 
GCTCAGTTCC GCTTACAGCC TACCATTAAC ACCAaS ATAGCGaIaT 
TCATCCACAC AAACAGGAGJ CTGGTATCGC TCCTAACTTT CTAO^ 
AAGACGGTAG CCACCTTCGT AAGACTGTAG TGTGGGCACA CGAGAAGTAC 
GGAATCGAAT CTTXTGCACT GATTCACGAC TCCTTC^ CCATTCCGGC 
TGACGCTGCG AACCTGTTCA AAGCAGTCCG CGAAACTATG GTTGACACAT 
ATGAGTCTTG TGATGTACTG GCTGATTTCT ACGACCAGTT CGCTGACCAG 
TTGCACGAGT CTCAATTGGJ «»AATGCCA GCACTTCCGG CTAAAGGTAA 

CTTGAACCTC CGTGACATCT TAGAGTCGGA CTTCGCGTT? CCGTAACcIc 

" w o^oo 8990 9000 



42 



EP 0 516 245 A1 



FIGURE 9 (continued) 



*" m JJw GSCCC ==JJ= aBKa ^ ^CCCAAOC XTGGCACXGG 
CCCTCSTHT ACAACGTCGT GACTGGGAAA ACCCXGG^X XACCCaISIx 

MTC=c sns cMcac ^§ «HI 

GGCCCGCACC GAXCGCCCXX CCCAACAGXX 6 ggxac§§ „ ISGC |- 



GGCGCTXXGG CXGGXTXCCG GCACCAGAAG CGGIGCCgIa AAGCTGg'^ 

GTCGTC 
CAACGT 

CGGTCAATCC GCCGITXGXT CCCACGCAGA AXCCGAC^S XTGTTACXCG 



GAGTGCGATC TTCCTGAGGC CGAQACNGTC GTCGldcS CAAACTgUa 

gaigcacggt tacgatgcgc ccatctacag caacgtmcc tatcccat?" 



CTCACATTTA ATGTTGATGA AAGCTGGCTA OUuSS AGACGcIaS? 
TATTTTTGAT <™CTA TTGGTTAAAA AATGAGCTGA TTTAACAAAA 

atttaacgcg aaitttaaca aaatattaac gtttacaa?? TAAATaSg' 

CTTATACAAT CTTCCTGTTT TTGGGGCTTT TCTGATTATC AACCGGg'I" 
CATATGATJG ACATGCTAGT ^ACGA^A CCCTXC^ ATrac £? 
TTGCTCCAGA CTCTCAGGCA ATGACCTGAJ AGCCTXXGTA GATCXG £ 
AAATAGCtAC CCTCICCGGC ATGAATTTAT CAGCTAGAAC GGTTGAATAT 
CAXATXGATG GXGAXXXGAC XGXCXCCGGC emcffiS CXXXXG^J 
XXXACCXACA CAXXACXCAG GCATTGCATT TAAAATATAT GAGGGXXCXA 
AAAAXXTXXJ XCCXXGCGXX GAAAXAAAGG CXXCXCCCGC AAAAGxl^ 
CAGGGXCAXA AXGXXXXXGG XACAACCGAX XXAGCX^I GCXCXGAG^ 
XIIAXIGCII AAIIIIGCIA AIICIXXGCC TTGCCtSm GAIXIAIIW 
ATGTT 
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FIGURE 10 
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